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RIBONUCLEASE: Chart of analysis allows precise quantitation of 
amino acids and related compounds in 3 mg acid hydrolyzate sample 
of bovine Ribonuclease A. In addition to protein and peptide hydro- 
lyzates, other materials which can be automatically analyzed include 
physiological fluids, foods, pharmaceuticals and components of plant 
and microbiological systems. 


Amino acid analyses can be done for you quickly, accu- 
rately, automatically, by the Beckman/Spinco Analyzer. 
Simpler runs are finished in less than a day, the most 
complex within two days. 





The instrument employs the Spackman-Stein-Moore 
technique of automatic recording ion-exchange chroma- 
















New features include 
preparative column 


A new Spinco Preparative Column 
and Stream Divider Accessory is now 
available for use with the Model 120 
Analyzer. In addition, the versatility 
of the instrument itself has been 
greatly increased by a new valving 
system which also allows use of ex- 
ternal columns and accessories, 
including fraction collector and scin- 
tillation counter. 





tography. With it a typical analysis takes only half a day 
of operator time. Five to ten times as many operator 
hours would be required for analysis by older bio-assay 
or manual chromatographic techniques. 

Compared with earlier analytic methods, operation of the 
Beckman /Spinco Analyzer is simplicity itself. A small 
sample is placed on a chromatograph column in the 
instrument and the analysis is begun. As the sample goes 
through the Analyzer, a permanent picture is recorded of 
the amino acids present and their precise amounts. 
More than 100 Spinco Amino Acid Analyzers are now 
in use around the world. If your research involves—or 
could involve—amino acids, write now for information 
on this remarkable research tool. Address Beckman 
Instruments, Inc., Spinco Division, Stanford Industrial 
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SALES AND SERVICE FACILITIES ARE MAINTAINED BY 


Park, Palo Alto 5, California. 


YEARS 


- Beckman 
‘ Spinco Division 
Beckman Instruments, Inc. 


BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 
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In this age of missiles, space ships and rockets, it is gratifying to see our biochemi- 


cals travel throughout the world. 


Leading research investigators from all over 


the globe have come to rely upon our high quality, low prices and speedy service. 


Our stocks include over 300 Amino Acids + Over 90 


. Peptides + Over 200 Nucleoproteins, Purines, Pyrimi- 


Biochemicals + Vitamins + 
Enzymes-Crystalline, Purified - Growth Factors 
- Steroid Hormones «+ Biological Salt Mixtures and 
Carbohydrates - Purified Proteins 
- Fatty Acids - Antibioties + Alkaloids + Glandular 
Substances. 
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This ‘‘bazooka”’ type cannon of 1395 fired lead, 
lapidary and finned missiles. Their main disadvan- 
tage — practically impossible to aim or guide to its 
target. The missile was named after Henry the 8th 
because he was considered a connoisseur of walking 
sticks which were often used to conceal weapons. 


Today, as a vital part of one of the world’s largest 
purely electronics companies, Raytheon’s Missile 
Systems Division is making significant contributions 
to the art of missilry. Here, engineers are working 
with far-advanced concepts in electronics, aero- 
nautics, and astronautics. Constantly analyzing, 
evaluating, creating, they’re helping to solve 
tomorrow’s defense problems now. 


Raytheon has room for more such men at all levels 
of responsibility. For them, Raytheon’s Missile 
Systems Division creates a climate for talent — 
perhaps your talent. 
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ENGINEERS: Immediate openings in Operations 
Analysis « Radar Systems « Data Processing « Design 
Data « Systems Test ¢ Specification Engineering 
e Circuit Design « Systems Analysis « Electronic 
Packaging « Transmitter Design « Process Engineer- 
ing « Product Engineering « Publications « Quality 
Cortrol « Microwave. 


Your resume will receive prompt attention. Please 
address it to: Mr. Richard S. Malcolm, Coordinator 
of Employment/Placement, Missile Systems Divi- 
sion, Raytheon Company, 520 Winter Street, 


Waltham, Massachusetts. 
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The Effect of Dream Deprivation: W. Dement 


The need for a certain amount of dreaming each adit is ieeaueed by 
recent experiments. 


Tiros Reveals Cloud Formations: H. Wexler and S. Fritz 
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Fallout in New York City during 1958: G. A. Welford and W. R. Collins, Jr......... 


The data indicate that short-lived fission products make a major contribution 
to radiation dose rates. 

Knowledge: a Growth Process: P. Weiss 
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Thiocarbamide crystal. Dark-field illumination (x 575). A drop of solution is kept 
under observation until a suitable arrangement appears. The solvent determines the 
pattern produced during crystallization. Rapid crystallization produces a coarse pattern, 
slow crystallization a fine one. [L. C. Massopust, Marquette University School of 
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| Three generations of ARMA computers: 


THE THIRD GENERATION 


Package small...guidance true 


The itinerant bee has nature’s simplest 
yet most advanced guidance system. His 
built-in computational abilities — certain- 
ly his miniaturization—haven’t yet been 
approached by man. 

ARMA, however, is showing the way. 
A six-year computer miniaturization pro- 
gram, completely company-funded, is 
producing a family of progressively small- 
er and more sophisticated computers for 
use in man-made guidance systems. Here 
is the result thus far in this continuing 
program. 

Small: ARMA’s operational comput- 
er, now in use in inertial guidance 
systems, employing all semi-conductor 
circuitry, printed wiring techniques and 
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conventional logical design organization. 

Smaller: a second- generation computer 
...all-solidstate, withno moving parts, ap- 
plicable toal/types ofnavigation,embody- 
ing 1/4 the volume, 1 /3 the weightand 1/15 
the power requirements ofits predecessor. 

Still Smaller: the third member of the 
family. This microminiature computer, 
to be completed in 1961 from compo- 
nents now in existence, will be 1/25 the 
volume and 1/10 the weight of the first- 
generation model while performing the 
same guidance and control comiputa- 


tions. It will have application in missile 
guidance, space navigation and guidance, 
orbit transfer problems, submarine navi- 
gation and periscope stabilization. The 
reliability of this sophisticated product 
will be assured by thorough testing in 
ARMA’s environmental facilities— most 
complete in the industry. 

ARMA, Garden City, N.Y., a division 
of American Bosch Arma Corporation 

. . Supplier of precision inertial guid- 
ance systems for long range Air Force 
missiles . . . the future is our business. 


Attention Engineers: Write to E. C. Lester at ARMA about career openings in R & D programs. 


AMERICAN BOSCH ARMA CORPORATION 
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Elementary Student 
Model MIC 

$39.50 

$35.55 in lots of 5. 


Student-Teaching 
Model $-2 
$110,50 

$29.45 in tots of 5 


Medical Monocular 
Medei EC 
$316.50 
$284.85 in lots of § 


Medical Binocular 
Model ECBI 


“QUALITY IS OUR WATCHWORD” 


... and our slogan is BUILT-IN to Elgeet-Olympus microscopes and& 
... quality and craftsmanship you can SEE and FEEL. Write today for specifica- 
tions on models shown as well as on the complete Elgeet-Olympus QUALITY line. 


WRITE DEPT. APS 10 DAY FREE TRIAL IMMEDIATE DELIVERY 


Elgeet opricat CG. 1 (OMMMEToll al hal alelll(-an-10) 014 ba loi V--7\-7 Gall-MelZi-ylelt 
838 SMITH STREET e ROCHESTER 6, NEW YORK 
“Quality 6 cur watchuod... Precision Engincoung our constant goal 4a 
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WHAT KIND , 
*" SEIVICe 
CAN |! . 
mrecour MICTO- 


scope! 


This is a common 
question asked by 
new and prospective 
owners of any 
microscope. 


Owners, present and 
prospective, of any 
WILD Microscope, 
are assured of fast 
service and fast return 
of the instrument 
... Often overnight. 


Most _ important: 
Only WILD trained 
selected technicians, 
with many years’ 
experience in 

WILD Microscope 
construction and 
assembly, are per- 
mitted to service 
your instrument, 


FULL FACTORY SERVICES 


*The FIRST name in 
Surveying Instruments, 
Photogrammetric Equipment 
and Microscopes 








f EERBRUG J 
INSTRUMENTS, INC. 
Matin at Covert Street @ Port Washington, New York 
POrt Washington 7-4843 


In Canada 
Wild of Canada Ltd., 157 Maclaren St., Ottawa, Ontario 
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Letters 


Chronology of the Last Glaciation 


James B. Griffin in his extremely in- 
teresting article, “Some prehistoric con- 
nections between Siberia and America” 
[Science 131, 801 (1960)], states that 
“the Wisconsin ice advance is thought 
by some Pleistocene students to have 
begun about 50,000 B.c., followed by 
a warmer period corresponding to the 


| Wiirm interstadial in Europe. This may 


have provided an ice-free corridor east 
of the Rockies some 30,000 years ago.” 

I have no doubt that Griffin is right 
about the thinking of some, if not 


| many, Pleistocene students. Apparently 





a short but important paper by H. 
Tauber and H. de Vries [Eiszeitalter 
und Gegenwart 9, 69 (1958)] has re- 
ceived less attention than it deserved. 


| According to these authors, samples for 


radiocarbon dating from 
interstadial deposit at Broérup, Jut- 
land, showed no significant activity 
after thorough decontamination. “This 
means,” they write, “that the inter- 
stadial at Brorup and the preceding cold 
period are older than 50,000 B.c.” 
And, one may add, perhaps much older. 

It has been [D. B. Ericson and G. 
Wollin, Micropaleontol. 2, 257 (1956)] 
and still is my guess that the Wiirm 
I-II_ or Broérup interstadial is repre- 
sented in the deep-sea sediments of the 
North Atlantic by a well-defined faunal 
zone containing low-latitude species of 
planktonic foraminifera among which 
Globorotalia menardii flexuosa is espe- 
cially abundant. From the stratigraphi- 
cal position of this zone, at the base of 
a relatively thick layer of sediment with 
cold-water species throughout, which 
lies, in turn, directly beneath postglacial 
sediment, it is difficult to see how it 
could be anything else than the Wiirm 
interstadial. Now, extrapolation of rates 
of sediment accumulation determined 
by radiocarbon dating of many samples 
from long sediment cores from various 
parts of the Atlantic, Caribbean, and 
Gulf of Mexico has shown that the 
time interval represented by the zone 
containing G. menardii flexuosa, or the 
Flexuosa zone, came to an end about 
65,000 years ago. 

Of course, my correlation of the 
Flexuosa zone with the Wiirm inter- 
stadial may be wrong in spite of its 
apparent plausibility. Even so, the im- 
portant fact remains that Tauber and 
de Vries have shown conclusively that 
the climatic amelioration which sepa- 
rated the early and late Wisconsin 
glaciations occurred more than 50,000 
years ago, and that therefore the short 
chronology of the last glaciation must 
be abandoned. Accordingly we con- 
clude that if early man entered Amer- 
ica during the Wiirm interstadial, he 


the Wiirm 


must have done so at least 50,000 years 
ago, and perhaps no less than 65,000 
years ago. This does not impair Griffin’s 
argument regarding the time of man’s 
appearance in America. If anything, 
this longer chronology strengthens his 
conclusion that man did not enter 
America during the interstadial be- 
tween the early and late Wisconsin 
glaciations. 

Davin B. ERICSON 
Lamont Geological Observatory, 
Palisades, New York 


Emotionality and Fear 


Harlow and Zimmermann’s descrip- 
tion of “Affectional responses in the in- 
fant monkeys” [Science 130, 421 
(1959)] was a gem, but it did, I believe, 
contain a minor flaw. 

Although it clearly described “affec- 
tional responses,” which are indeed 
emotional responses, when the term 
emotionality was used, it seemed that 
its meaning was limited to the disrup- 
tive emotion of fear. This can be seen 
in the use of the term emotionality in- 
dex rather than fear index, and in the 
following statement (p. 425): “Chil- 
dren in the first group (mother pres- 
ent) were much less emotional [italics 
mine] and participated much more 
fully in the play activity than those in 
the second group (mother absent).” 
This first group was not less “emo- 
tional” but less fearful; presumably, if 
the first group was happier, it could 
also be called more emotional than the 
second. 

Harlow and Zimmermann seem im- 
plicitly and inaccurately to equate emo- 
tionality with fear, an equation which 
would lead us to see courage, for exam- 
ple, as equivalent to emotionlessness. 
A very fine critique of the theory “ac- 
cording to which emotions are disor- 
ganized or disruptive states” is to be 
found in V. J. McGill’s Emotions 
and Reason (Thomas, Springfield, Ill., 
1954). 

Hence I think their fine article would 
be even finer if this inaccuracy in the 
use of the concept “emotionality” were 
clarified. 

NATHANIEL S. LEHRMAN 
15 Canterbury Road, 
Great Neck, New York 


I am in agreement with Lehrman’s 
position and have long been an oppo- 
nent of those psychologists who would 
identify and define emotion as “dis- 
organized and disruptive states.” In an 
earlier paper [Am. Psychologist 12, 673 
(1958)], I unequivocally define love as 
an emotion, and I still subscribe to this 
theoretical position. 

The term fear index would have been 

(Continued on page 1740) 
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TEFLON is a registered trade-mark 
of E. I. du Pont & Co., Inc. 














*Stopcocks with TEFLoNn® Plugs manufactured under Fischer & Porter Patent No. 2,876,985 


The stopcock plugs* are TEELO N. ee 


in this new line of KIMAX® Laboratory Glassware 
eliminating freezing, binding, grease contamination 


KIMAX Laboratory Glassware now 


offers the convenience of TEFLON stop-. 


cock plugs... 

No Binding—accomplished by exagger- 
ated 1:5 taper of TEFLON Plugs in pol- 
ished glass barrels. 

No Freezing— because of extraordinary 


chemical inertness of TEFLON. 


No Leaking—perfect fit of TEFLON Plug 
with the polished glass barrel. 


KIMBLE LABORATORY GLASSWARE 
AN (I) rropuct 
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No Contamination—self-lubricating . . . 
no grease needed with TEFLON stop- 
cock plugs. 





Easy Control—simple to adjust, control 
is easily maintained. 

KIMAX Stopcocks with TEFLon Plugs 
are “interworkable” with other boro- 
silicate glass of the same coefficient of 
expansion. 


This new line of KIMAX apparatus 






with TEFLON Stopcock Plugs may be 
assorted with other Kimble laboratory 
glassware making possible larger quan- 
tity discounts. Your dealer will show 
you how you may realize more savings 
by specifying Kimble for all your labo- 
ratory glassware needs. 


For further information, write Kimble 
Glass Company, a subsidiary of Owens- 
Illinois, Toledo 1, Ohio. 


Owens-ILuinoIs 


GENERAL OFFICES « TOLEDO 1, OHIO 
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One of a series 


Higher Education for Computers 


“Let’s put the computer in at the start of a problem, rather than 
just having it buzz through the computations.” 


This is the approach being taken by computer specialists at 

the General Motors Research Laboratories as they explore ways of 
giving large-scale digital computers a greater role in the 

solution of problems. The object is to “teach” computers to 
apply the same rules men use in formulating, analyzing, and 
solving questions of modern science and engineering. 


A recent outgrowth of this work is DYANA, GM Research’s new 
automatic analysis and programming system. DYANA is one of 
the first computer systems to “understand” declarative statements. 
For a large class of dynamic problems, the engineer can simply 
describe his physical system to the computer. The computer 
figures out how to handle it. 


For the solution, DYANA automatically directs the computer to 
prepare a mathematical model of the system, to write its own 
program for solving the model, then to execute the program 
and compute the desired answers. 


The higher education of computers currently involves studies 
in symbol manipulation, problem-oriented languages, 
character and pattern recognition, and engineering simulation. 


Such advanced computer concepts are giving General Motors 
professional people more time for creative engineering and 
research—time to explore ideas and to develop “more and 
better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


Comparison of program tapes 
for a vibrational problem 
expressed in DYANA language, 
in algebraic-oriented 

language, and in the basic 
machine language. 
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SCIENCE: 


Meanwhile, Down in the Valley 


Last month saw the collapse of negotiations at the summit, with 
accusations from Moscow that Washington had wrecked the Paris 
meeting by staging the 1 May flight of the U-2 reconnaissance plane, 
and accusations from Washington that Moscow had been determined 
all along that nothing should come of the Big Four conference. At a 
lesser height, the quarrel moved into the United Nations Security 
Council where the Soviet Union sought unsuccessfully to get the 
United States indicted for “aggression.” Down in the valley, however, 
at the level of physics, medical science, and the arts, the world was 
treated to the sight of another aspect of the East-West dialogue con- 
tinuing undisturbed. 

Premier Khrushchev may have withdrawn his invitation to President 
Eisenhower to visit him in the Kremlin, but exchange programs that 
had started before the crisis proceeded right through it. American phys- 
icists visited various high-energy research centers in the Soviet Union, 
American medical scientists attended a conference in Moscow on polio- 
myelitis, and the American violinist Isaac Stern played encores to 
Russian applause. In this country, Soviet scientists specializing in 
thermonuclear research visited the James Forrestal Laboratory at 
Princeton University and other laboratories, and Soviet medical 
scientists attended conferences at Johns Hopkins and elsewhere on 
heart disease and related problems. 

The hope that exchange programs will promote mutual trust is 
equally strong when relations on the political level are not so favorable 
as when they are favorable. An increase in mutual trust at the top can 
lead to greater opportunities for exchange below, and bringing people 
together at lower levels in activities that command common loyalties 
can affect relations above. Exchange may promote mutual confidence 
by correcting the distorted images that East and West may have of 
each other. We do not expect that at the mere sight of our magical 
presence all Russia will break out into “The Stars and Stripes Forever,” 
but we can hope that those with eyes to see will learn that we are not 
a nation of hungry, exploited workers ripe for revolt against our 
secretary-chasing, cigar-chomping masters. And, for our part, in ob- 
serving the Soviet way of life, we will never tire of watching demon- 
strations that the Russia of Khrushchev is not that of Stalin. 

An increase in mutual trust generated by exchange programs can 
also bear on more specific American goals such as carrying out a 
step-by-step disarmament program. Part of the theory underlying this 
program is that the confidence between East and West developed in 
one step will furnish the confidence needed for the next step. But since 
new negotiations can also be new sources of suspicion, independent 
methods for building mutual trust are also necessary. 

President Eisenhower has called for a continuation of cultural con- 
tacts and “businesslike dealings” with Soviet leaders, while Premier 
Khrushchev has found this statement of “positive value.” This is good 
news. In the technical portion of exchange, our hope is that scientists, 
in seeking broader avenues of communication, will help reduce the 
tensions that their own achievements have made so dangerous.—J.T. 
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COMBINATION 
SCALER-RATEMETER 


for laboratory or classroom... 


ale 
cael 
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A versatile instrument for making pre- 
cise measurements in general labora- 
tory counting applications. 


le An accurate laboratory monitor for 
checking hands, clothing, glassware, 
tools, etc., for radioactive contamina- > 
tion as well as for continuously monitoring 
processes, 


«le A rugged, all-purpose training instru- 
~ 6" ment for both scaler and ratemeter 
demonstrations and experiments. 


The Model 150 Scaler-Ratemeter is intended 
for general purpose laboratory work with both 
organic and halogen-quenched Geiger-Mueller 
counters. Beta or gamma activity is indicated 
in three ways—as a decimal scaler count, as a 
count ratemeter reading and as an audible sound. 

The scaler utilizes five glow-transfer counting 
tubes to give an all-electronic decimal scale of 
105. No mechanical register is used so that max- 
imum reliability is achieved. Resolving time of 
the scaler is better than 200 microseconds for 
pulse pairs. The electric timer used with the 
scaler is a true odometer type, reading in hun- 
dredths of a minute to 1000 minutes. A single 
knob resets both scaler and timer. 

The linear ratemeter has three ranges: 500, 
5,000 and 50,000 counts per minute. Two time 
constants, 1 and 16 seconds, may be selected by 
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a front panel switch. An audio output from a 
4-inch speaker is variable up to 10 watts. 

The high voltage is continuously variable from 
400 to 1500 volts positive. After initial warm-up, 
high voltage variation will not exceed five volts 
at any setting. 

Line voltage variations of 5 volts, in the range 
of 95 to 125 volts, will result in high voltage 
changes of less than 0.2% of setting. Load regu- 
lation is better than 5% from 0 to 50 micro- 
amperes. Ripple is less than 50 millivolts (rms). 


Ordering information: 


Model 150 Scaler-Ratemeter...... $495 
F.O.B. Lyons, Illinois 
Net 30 days 


Complete accessories are also available. 


[Pjackard] Instrument Company, Inc. 
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The Effect of 


Dream Deprivation 


The need for a certain amount of dreaming each 
night is suggested by recent experiments. 


About a year ago, a research pro- 
gram was initiated at the Mount Sinai 
Hospital which aimed at assessing the 
basic function and_ significance of 
dreaming. The experiments have been 
arduous and time-consuming and are 
still in progress. However, the results 
of the first series have been quite 
uniform, and because of the length of 
the program, it has been decided to 
issue this preliminary report. 

In recent years, a body of evidence 
has accumulated which demonstrates 
that dreaming occurs in association with 
periods of rapid, binocularly synchro- 
nous eye movements (/—3). Further- 
more, the amount and directional pat- 
terning of these eye movements and the 
associated dream content are related in 
such a way as to strongly suggest that 
the eye movements represent scanning 


movements made by the dreamer as he, 


watches the events of the dream (3). 
In a study of undisturbed sleep (4), 
the eye-movement periods were ob- 
served to occur regularly throughout 
the night in association with the lightest 
phases of a cyclic variation in depth of 
sleep, as measured by the electro- 
encephalograph. The length of indi- 
vidual cycles averaged about 90 min- 
utes, and the mean duration of single 
periods of eye movement was about 20 
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minutes. Thus, a typical night’s sleep 
includes four or five periods of dream- 
ing, which account for about 20 percent 
of the total sleep time. 

One of the most striking facts appar- 
ent in all the works cited above was 
that a very much greater amount of 
dreaming occurs normally than had 
heretofore been realized—greater both 
from the standpoint of frequency and 
duration in a single night of sleep and 
in the invariability of its occurrence 
from night to night. In other words, 
dreaming appears to be an _ intrinsic 
part of normal sleep and, as such, 
although the dreams are not usually 
recalled, occurs every night in every 
sleeping person. 

A consideration of this aspect of 
dreaming leads more or less inevitably 
to the formulation of certain rather 
fundamental questions. Since there ap- 
pear to be no exceptions to the nightly 
occurrence of a substantial amount of 
dreaming in every sleeping person, it 
might be asked whether or not this 
amount of dreaming is in some way a 
necessary and vital part of our exist- 
ence. Would it be possible for human 
beings to continue functioning normally 
if their dream life were completely or 
partially suppressed? Should dreaming 
be considered necessary in a psycho- 
logical sense or a physiological sense 
or both? 

The obvious attack on these problems 
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was to study subjects who had somehow 
been deprived of the opportunity to 
dream. After a few unsuccessful pre- 
liminary trials with depressant drugs, 
it was decided to use the somewhat 
drastic method of awakening sleeping 
subjects immediately after the onset of 
dreaming and to continue this pro- 
cedure throughout the night, so that 
each dream period would be artificially 
terminated right at its beginning. 


Subjects and Method 


The data in this article are from the 
first eight subjects in the research pro- 
gram, all males, ranging in age from 
23 to 32. Eye movements and accom- 
panying low-voltage, nonspindling elec- 
troencephalographic patterns (4) were 
used as the objective criteria of dream- 
ing. The technique by which these vari- 
ables are recorded, and their precise 
relationship to dreaming, have been 
extensively discussed elsewhere (2, 4). 
Briefly, the subjects came to the labo- 
ratory at about their usual bedtime. 
Small silver-disk electrodes were care- 
fully attached near their eyes and on 
their scalps; then the subjects went to 
sleep in a quiet, dark room in the labo- 
ratory. Lead wires ran from the elec- 
trodes to apparatus in an adjacent room 
upon which the electrical potentials of 
eye movements and brain waves were 
recorded continuously throughout the 
night. 

Eye movements and brain waves of 
each subject were recorded throughout 
a series of undisturbed nights of sleep, 
to evaluate his base-line total nightly 
dream time and over-all sleep pattern. 
After this, recordings were made 
throughout a number of nights in which 
the subject was awakened by the experi- 
menter every time the eye-movement 
and electroencephalographic recordings 
indicated that he had begun to dream. 
These “dream-deprivation” nights were 
always consecutive. Furthermore, the 
subjects were requested not to sleep at 
any other time. Obviously, if subjects 
were allowed to nap, or to sleep at 
home on any night in the dream- 
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deprivation period, an unknown amount 
of dreaming would take place, offsetting 
the effects of the deprivation. On the 
first night immediately after the period 
of dream deprivation, and for several 
consecutive nights thereafter, the sub- 
ject was allowed to sleep without dis- 
turbance. These nights were designated 
“recovery nights.” The subject then had 
a varying number of nights off, after 
which he returned for another series of 
interrupted nights which exactly dupli- 
cated the dream-deprivation series in 
number of nights and number of awak- 
enings per night. The only difference 
was that the subject was awakened in 
the intervals between eye-movement 
(dream) periods. Whenever a dream 
period began, the subject was allowed 
to sleep on without interruption, and 
was awakened only after the dream had 
ended spontaneously. Next, the subject 
had a number of recovery nights of 
undisturbed sleep equal to the number 
of recovery nights in his original dream- 
deprivation series. Altogether, as many 
as 20 to 30 all-night recordings were 
made for each subject, most of them 
on consecutive nights. Since, for the 
most part, tests could be made on only 
one subject at a time, and since a 
minute-by-minute all-night vigil was 
required of the experimenter to catch 
each dream episode immediately at its 
onset, it can be understood why the 
experiments have been called arduous 
and time-consuming. 

Table 1 summarizes most of the per- 
tinent data. As can be seen, the total 
number of base-line nights for the eight 
subjects was 40. The mean sleep time 
for the 40 nights was 7 hours and 2 
minutes, the mean total nightly dream 
time was 82 minutes, and the mean 
percentage of dream time (total dream 
time to total sleep time x 100) was 
19.4, Since total sleep time was not held 
absolutely constant, percentage figures 
were routinely calculated as a check on 
the possibility that differences in total 
nightly dream time were due to differ- 
ences in total sleep time. Actually, this 
is not a plausible explanation for any 
but quite small differences in dream 
time, because the range of values for 
total sleep time for each subject turned 
out to be very narrow throughout the 
entire study. When averaged in terms 
of individuals rather than nights, the 
means were: total sleep time, 6 hours 
50 minutes; total dream time, 80 min- 
utes; percentage of dream time, 19.5; 
this indicates that the figures were not 
skewed by the disparate number of 
base-line nights per subject. The re- 
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markable uniformity of the findings 
for individual nights is demonstrated 
by the fact that the standard deviation 
of the total nightly dream time was 
only plus or minus 7 minutes. 


Progressive Increase 
in Dream “Attempts” 


The number of consecutive nights of 
dream deprivation arbitrarily selected 
as a condition of the study was five. 
However, one subject left the study in 
a flurry of obviously contrived excuses 
after only three nights, and two subjects 
insisted on stopping after four nights 
but consented to continue with the 
recovery nights and the remainder of 
the schedule. One subject was pushed 
to seven nights. During each awakening 
the subjects were required to sit up in 
bed and remain fully awake for several 
minutes. On the first nights of dream 
deprivation, the return to sleep gen- 
erally initiated a new sleep cycle, and 
the next dream period was postponed 
for the expected amount of time. How- 
ever, on subsequent nights the number 
of forced awakenings required to sup- 
press dreaming steadily mounted. Or, to 
put it another way, there was a progres- 
sive increase in the number of attempts 
to dream. The number of awakenings 
required on the first and last nights of 
deprivation are listed in Table 1. All 
the subjects showed this progressive in- 
crease, although there was considerable 
variation in the starting number and 
the amount of the increase. An impor- 
tant point is that each awakening was 
preceded by a minute or two of dream- 
ing. This represented the time required 
for the experimenter to judge the 
emerging record and make the decision 
to awaken the subject after he first 
noticed the beginning of eye move- 
ments. In some cases the time was a 
little longer, as when an eye-movement 
period started while the experimenter 
was looking away from the recording 
apparatus. It is apparent from this that 
the method employed did not constitute 
absolute dream deprivation but, rather, 
about a 65- to 75-percent deprivation, 
as it turned out. 


Nightly Dream Time Elevated 
after Deprivation 


The data on the first night of the 
dream deprivation recovery period are 
summarized for each subject in Table 1. 
As was mentioned, one subject had quit 


the study. The mean total dream time 
on the first recovery night was 112 
minutes, or 26.6 percent of the total 
mean sleep time. If the results for two 
subjects who did not show marked in- 
creases on the first recovery night are 
excluded, the mean dream time is 127 
minutes or 29 percent, which represents 
a 50-percent increase over the group 
base-line mean. For all seven subjects 
together, on the first recovery night the 
increase in percentage of dream time 
over the base-line mean (Table 1, col. 
3, mean percentage figures; col. 10, first 
recovery night percentages) was signifi- 
cant at the p < .05 level in a one-tail 
Wilcoxin matched-pairs signed-ranks 
test (5). 

It is important to mention, however, 
that one (S.M. in Table 1) of the two 
subjects alluded to above as exceptions 
was not really an exception because, 
although he had only 1 hour 1 mintvte 
of dreaming on his first recovery night, 
he showed a marked increase on four 
subsequent nights. His failure to show 
a rise on the first recovery night was 
in all likelihood due to the fact that he 
had imbibed several cocktails at a party 
before coming to the laboratory so that 
the expected increase in dream time 
was Offset by the depressing effect of 
the alcohol. The other one of the two 
subjects (N.W. in Table 1) failed to 
show a significant increase in dream 
time on any of five consecutive recovery 
nights and therefore must be considered 
the single exception to the over-all 
results. Even So, it is hard to reconcile 
his lack of increase in dream time on 
recovery nights with the fact that dur- 
ing the actual period of dream depriva- 
tion he showed the largest build-up in 
number of awakenings required to sup- 
press dreaming (11 to 30) of any sub- 
ject in this group. One may only suggest 
that, although he was strongly affected 
by the dream loss, he could not increase 
his dream time on recovery nights be- 
cause of an unusually stable basic sleep 
cycle that resisted modification. 

The number of consecutive recovery 
nights for each subject in this series 
of tests was too small in some cases, 
mainly because it was naively supposed 
at the beginning of the study that an 
increase in dream time, if it occurred, 
would last only one or two nights. One 
subject had only one recovery night, 
another two, and another three. The 
dream time was markedly elevated 
above the base-line on all these nights. 
For how many additional nights each 
of these three subjects would have 
maintained an elevation in dream time 
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Table 1. Summary of experimental results. TST, total sleep time; TDT, total dream time. 




















Dream- Awakenings Dream-deprivation recovery nights 
Mean and range, base-line nights depri- (No.) First control recovery night 
vation —————_ First night 
TST TDT Percent nights First Last No. TST TDT Percent 
(No.) night night TST TDT Percent 

Subject W. T. (4 base-line nights) 
6b36™ i as 19.5 8 14 1 6543m 2b17™ 34.0 6"50™ 1504™ 15.6 
6°24™-6b4gm 151Q™~1h21™ 17.0-21.3 

Subject H. S. (5 base-line nights) 
7h27™ 124m 18.8 ej 24 2 gho2™ 2b45m 34.2 8200™ 149m 22.7 
7h07™—7h5gm 1507m~1h3gm 15.4-21.8 

Subject N. W. (7 base-line nights) 
6h39™ 141g™ 19.5 11 30 5 646™ jhj2m 17.8 7210" 152g™ 20.2 
5550™-710™ 1b] 1™~1h27m 17.4-22.4 

Subject B. M. (6 base-line nights) 
6259™ 1hjgm 18.6 7 23 5 7Th25m 1h5g™ 26.3 7h4gm 152g 18.8 
6228™-7h3gm 0b5gm—1h35m 14.8-22.2 

Subject R. G. (10 base-line nights) 
726™ 1h26™ 19.3 10 20 5 7h] 4m 2508™ 29.5 741g™ 1555™ 26.3 
700™—7h57m 1b} 3m_1b46m 16.9-22.7 

Subject W. D. (4 base-line nights) 
6229™ 1h2im 20.8 13 20 3 gb53™ 2h35m 29.0 
5h3gm_—7h22m 1508™—1h32m 17.8-23.4 

Subject S. M. (2 base-line nights) 
6541™ 1512™ 7S 22 30 6 5508™ 1401™ 19.8 6540™ 1507™ 16.8 
6"18™—7h04m 1Q1™-1h22™ 16.2-19.3 6532m* 1550™* 28.1* 

Subject W. G. (2 base-line nights) 
6516™ 122m 20.8 9 13 
6508™—-6524m 1b] 7m_1h27m 20.7-20.9 





*Second recovery night (see text). 


can only be surmised in the absence of 
objective data. All of the remaining 
four subjects had five consecutive re- 
covery nights. One was the single sub- 
ject who showed no increase, two were 
nearing the base-line dream time by 
the fifth night, and one still showed 
marked elevation in dream time. From 
this admittedly incomplete sample it 
appears that about five nights of in- 
creased dreaming usually follow four or 
five nights of dream _ suppression 
achieved by the method of this study. 


Effect Not Due to Awakening 


Six of the subjects underwent the 
series of control awakenings—that is, 
awakenings during non-dream periods. 
This series exactly duplicated the 
dream-deprivation series for each sub- 
ject in number of nights, total number 
of awakenings, and total number of 
awakenings per successive night. The 
dream time on these nights was slightly 
below base-line levels as a rule. The 
purpose of this series was, of course, to 
see if the findings following dream de- 
privation were solely an effect of the 
multiple awakenings. Data for the first 
recovery nights after nights of control 
awakenings are included in Table 1. 
There was no significant increase for 
the group. The mean dream time was 
88 minutes, and the mean percentage 
was 20.1. Subsequent recovery nights in 
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this series also failed to show the 
marked rise in dream time that was 
observed after nights of dream depriva- 
tion. A moderate increase found on 
four out of a total of 24 recovery nights 
for the individuals in the control- 
awakening group was felt to be a re- 
sponse to the slight reduction in dream 
time on control-awakening nights. 


Behavioral Changes 


Psychological disturbances such as 
anxiety, irritability, and difficulty in 
concentrating developed during the 
period of dream deprivation, but these 
were not catastrophic. One subject, as 
was mentioned above, quit the study in 
an apparent panic, and two subjects 
insisted on stopping one night short of 
the goal of five nights of dream depriva- 
tion, presumably because the stress was 
too great. At least one subject exhibited 
serious anxiety and agitation. Five sub- 
jects developed a marked increase in 
appetite during the period of dream 
deprivation; this observation was sup- 
ported by daily weight measurements 
which showed a gain in weight of 3 
to 5 pounds in three of the subjects. 
The psychological changes disappeared 
as soon as the subjects were allowed to 
dream. The most important fact was 
that none of the observed changes were 
seen during the period of control 
awakenings. 


The results have been tentatively in- 
terpreted as indicating that a certain 
amount of dreaming each night is a 
necessity. It is as though a pressure to 
dream builds up with the accruing dream 
deficit during successive dream-depriva- 
tion nights—a pressure which is first 
evident in the increasing frequency of 
attempts to dream and then, during the 
recovery period, in the marked increase 
in total dream time and percentage of 
dream time. The fact that this increase 
may be maintained over four or more 
successive recovery nights suggests that 
there is a more or less quantitative 
compensation for the deficit. It is pos- 
sible that if the dream suppression 
were carried on long enough, a serious 
disruption of the personality would 
result (6). 
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Tiros Reveals 


Cloud Formations 


Tiros I, the experimental weather satel- 
lite, in the first month of its operation, 
orbited the earth about 450 times and 
took about 9000 pictures of various cloud 
formations (/). The observing equipment 
has been described elsewhere (2). The pic- 
tures have revealed a large degree of organi- 
zation in cloud systems over much of the 
earth’s surface. The most striking patterns 
are spiral cloud bands associated with large 
storms, some about 1000 miles in diameter, 
observed over the United States, the North 
Atlantic Ocean, the North and South Pacific 
Oceans, and the Indian Ocean (3). Seven 
of these cloud vortices are shown in the 
accompanying figures. 
















































Figure 1 (above) shows the cloud formation 
associated with one of the first storms ob- 
served by Tiros on the launching date, 1 April 
1960. The storm was located 120 miles east 
of Cape Cod (Massachusetts) and had a well- 
marked counterclockwise rotation. Dry, cloud- 
less continental air, indicated by the dark area 
in the lower left, is streaming eastward off the 
middle Atlantic coast, while moist air from 
the south moves northward and westward 
around the storm center. These air movements 
produced widespread clouds and precipitation 
as far north as the Gulf of St. Lawrence. 

Figure 2 (left), which was taken on the same 
day, shows clouds associated with a_ large 
storm centered over southeastern Nebraska. 
Again, the central dark portion of the picture 
is an area where the ground is visible through 
the dry, cloudless air from Canada that is 
circulating counterclockwise about the storm 
center, while, to the east, the moist, warm aif 
from the Gulf of Mexico enters the storm cit- 
culation, causing widespread rains and snows. 
A rather bright, broad band of clouds, located 
over the lower Mississippi Valley, is shown in 
the lower portion of the picture. Some of these 
clouds are quite bright, suggesting that they 
are of greater thickness. Thunderstorms were 
imbedded in this cloud mass. 
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The third vortex, also observed on 1 April 
(Fig. 3, right), was iocated over the Gulf of 
Alaska, about 500 miles southeast of Kodiak 
Island. The vortex circulation is clearly indi- 
cated by the spiral array of cloud bands and 
a clear area in the center of the storm. In 
this oceanic storm, much more fine structure 
is visible than in the continental and coastal 
storms shown in Figs. 1 and 2. 
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Figures 4 and 5 (left, top 
and bottom) are views of the 
cloud cover associated with a 
large storm located about 400 
miles west of Ireland on 2 and 
3 April. This old, occluded 
storm had no fronts associated 
with it, but a marked banded 
structure is visible on 2 April 
(Fig. 4, top). The centrally lo- 
cated clouds in Fig. 4 are sur- 
rounded by a solid mass of strati- 
form clouds with a sharp boun- 
dary as revealed on adjacent 
frames taken during the same 
orbit of Tiros. Parts of this 
sharp, circular cloud boundary 
are seen in the arrow-like cloud 
near the top and in the lower 
right of Fig. 4. This cloud boun- 
dary is near and parallel to a 
region of a 60-knot wind speed 
maximum, on the 500-millibar 
constant pressure map (about 
17,500 feet), which circled the 
storm. On the next day (Fig. 5, 
bottom) there seems to be one 
very large band winding around 
the center. Future photogram- 
metric measurements may re- 
veal the nature of the change in 
cloud pattern from 2 to 3 April. 











In Fig. 6 (top left) is shown an- 
other vortex, quite different from 
the others. This is a cloud vortex, 
about 1000 miles in diameter, lo- 
cated 800 miles west of southern 
California on 4 April. Here are su- 
perimposed bands of several dif- 
ferent scales. Several wide bands 
separated by narrow clear areas 
may be clearly seen. Each of these 
individual large bands is composed 
of a series of smaller bands. The 
differences in band width illustrate 
the great variety in scale of motion 
which characterizes the atmos- 
phere. 

In Fig. 7 (bottom left) there is 
another type of vortex, this time 
observed in the Southern Hemis- 
phere, where cyclonic storms ro- 
tate clockwise instead of counter- 
clockwise. This storm, a typhoon 
which was known to meteorologists 
in that area for several days before 
Tiros was programmed to observe 
it, displays a pattern of spiral band- 
edness similar to precipitation 
echoes observed by radar. This 
storm was located about 300 miles 
north of the northern tip of New 
Zealand. The cloudless eye of the 
storm is quite visible as a dark spot 
on the right center of the picture. 
The storm was at the time moving 
southeastward, which is toward the 
upper right of the picture. 

As Tiros observes future cloud- 
storm systems, it will be interesting 
to study the distinction between the 
fine-structure cloud-bandedness al- 
ready observed in several maritime 
storms and the lack of such fine de- 
tail that is associated with the two 
continental or coastal storms men- 
tioned above. 

HARRY WEXLER 

SIGMUND FRITZ 
U.S. Weather Bureau, 
Washington, D.C. 
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Fallout in 


New York City during 1958 


The data indicate that short-lived fission products 
make a major contribution to radiation dose rates. 


George A. Welford and William R. Collins, Jr. 


Since 1951 increasing emphasis has 
been placed on the off-site sampling and 
measurement of radioactive debris from 
nuclear detonations. The primary ob- 
jectives have been the estimation of 
world-wide gamma-radiation dose and 
documentation of the deposition of 
strontium-90 as a major biological 
hazard. In practice, these two conse- 
quences of nuclear testing were calcu- 
lated from daily total beta-activity 
levels. More’ recently, world-wide 
monthly collections have been made for 
direct radio-chemical measurements. Of 
the sampling sites in operation, New 
York City is of particular interest be- 
cause of its dense population and its 
location in the latitude of relatively high 
deposition of debris. 

This article describes the deposition 
of strontium-90, strontium-89, cesium- 
137, zirconium-95, cerium-144, yttri- 
um-91, and tungsten-185 measured in 
New York City during 1958. The 
chemical state of the debris at the time 
of deposition is approximated through 
solubility studies. The effect of rainfall 
on fallout patterns is discussed, and the 
age and origin of each monthly fallout 
collection are estimated through nuclide 
ratios. 


Methods 


In January 1958, an auxiliary collec- 
tion system was established at the 
Health and Safety Laboratory of the 
U.S. Atomic Energy Commission for 
the detailed analysis of fallout debris 
in New York City. Three collection 
techniques were used to minimize inter- 
collector variances, and replicate collec- 
tions were made to increase reliability. 
The sampling systems employed were 
high-walled stainless steel pots and two 
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funnel systems (J). The funnel col- 
lectors exposed a cylindrical funnel with 
a conical base to the atmosphere. In 
one system the material collected was 
washed directly into a reservoir by rain 
or by added wash water, while the 
debris in the other system (an ion- 
exchange funnel collector) was washed 
through a paper-pulp filter and a mixed- 
bed ion exchanger to extract the nuclear 
debris. 

A sequential radiochemical scheme 
was developed in order to analyze the 
total sample (3 to 5 grams of ash per 
month in New York) for the isotopes 
listed above (2). Finally, data collec- 
tion and calculations were performed 
by means of an automatic data process- 
ing system built around two general 
digital computer programs. Experi- 
mental data were tabulated as the 
analyses proceeded and were punched 
into I1.B.M. cards to be fed into the 
computer. The general calculations are 
fitted to specific analyses by substituting 
constants pertinent to individual nu- 
clides (3). 


Fallout Deposition in New York City 


Until recently, fallout measurements 
at sites removed from testing areas were 
primarily concerned with concentrations 
of strontium-90 and cesium-137 and 
were expressed either in terms of cumu- 
lative levels or deposition rates. Since 
many complex biological factors must 
be considered as strontium and cesium 
pass through the food chain, it is agreed 
that deposition of these fission products 
is not an adequate measure of their 
hazard to man. When the route is from 
soil to plants to cattle to milk, entry 
into the body is a function of the accu- 
mulated amount deposited. When sur- 





face deposition on vegetation is consid- 
ered the mode of entry, the rate of 
deposition is of prime importance. 

Recently, estimates of the storage 
time of nuclear debris in the strato- 
sphere have been reduced, indicating 
that considerable quantities of shorter- 
lived nuclides are deposited on a world- 
wide basis, along with strontium-90 and 
cesium-137 (4, 5). The question to be 
investigated is whether the concentra- 
tions of these nuclides are sufficient to 
necessitate their evaluation for the as- 
sessment of damage to the population. 

Monthly activity levels for the fission 
products strontium-90, cesium-137, ceri- 
um-144, zirconium-95, strontium-89, 
and yttrium-91 are presented in Table 1. 
These data represent activities found at 
the time of analysis extrapolated to the 
end of the sampling month. The levels 
listed are the averages for a minimum 
of six -collections for each monthly 
period. Figure 1 illustrates the monthly 
fallout patterns obtained from the data 
listed in Table 1. Three peak activity 
periods are illustrated for each isotope 
analyzed. The highest deposition occurs 
in April, with a second high evident in 
October-November. All isotopes indi- 
cate a smaller peak in July, followed 
generally by a minimum in August and 
September. 

During the first 6 months of 1958, 
monthly and semimonthly collections 
were made. The results are reported in 
Table 2 and show no consistent varia- 
tion in activity levels between the longer 
and shorter collection periods. Monthly 
levels are therefore reported throughout 
this article. 

The half-life values for the nuclides 
analyzed are as follows (6): stron- 
tium-90, 28 years; cesium-137, 30 
years; strontium-89, 51 days; yttrium- 
91, 53 days; zirconium-95, 63 days; 
tungsten-185, 74 days; and cerium-144, 
290 days. Because of the long half-lives 
of strontium-90 and cesium-137 in re- 
lation to the 30-day sampling period, 
their activity levels at the end of the 
sampling period represent essentially 
the total amount of activity deposited. 
However, to obtain total monthly depo- 
sition for the individual shorter-lived 
nuclides, it is necessary to correct for 
decay during sampling. This is done by 
assuming a uniform deposition rate 
during the sampling month. The activ- 
ity at the end of the month is then 
corrected mathematically for the effects 
of both deposition and decay. Since 
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fallout is random with respect to time, 

the net error involved in the year’s 

observations is expected to be small. 
Column 2 of Table 3 lists the calcu- 


lated amounts of the seven nuclides 
analyzed that were deposited in New 
York City during 1958. The sum of 
these activities is 2000 millicuries of 


Table 1. Monthly isotopic activity levels found in New York City fallout during 1958. 











Sampling Activity level (mc /mi2) 

month Sr90 Cs137 Cel44* Zr95* Sr89* yoit Wiss* 
January 1.18 1.08 10.4 oH RG 19.5 0.0 
February 1.40 14.7 28.7 23.6 0.0 
March 1.52 Size 35.9 93.4 29.7 0.0 
April 3.68 3.46 52.4 139 23.6 SiS 0.0 
May 3.45 2.95 41.2 49.4 16.7 36.1 2.02 
June 1.28 0.57 30.2 32.3 14.3 3.28 10.8 
July 1.47 1.98 28.6 52.6 43.9 10.7 47.1 
August 0.553 1.48 11.7 21.6 17.1 Ka a3 
September 0.575 1.23 12.5 22.8 14.3 3.50 24.0 
October 1.17 1.82 42.2 114 47.0 10.4 22.0 
November 1.19 1.74 35.7 126 36.6 13s.5 23.4 
December 0.790 1.62 23.8 


83.4 25.0 9.34 10.0 





* Extrapolated to the end of the sampling month. 





Relative Activity 











Jan Feb Mar Apr May Jun 














Jul Aug Sep 


Oct Nov Dec 


Months of 1958 


Fig. 1. Monthly fallout patterns in New York City during 1958. Asterisk indicates no 


data available. 
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beta activity per square mile. Since the 
total land area of New York City is 
about 316 square miles, 650 curies were 
deposited in this area. This corresponds 
to 200 milligrams of radioactive mate- 
rial. The long-lived fission products, 
strontium-90 and cesium-137, contrib- 
uted only 0.9 and 1.0 percent to the 
total, respectively. Column 3 of Table 
3 lists the amount of each nuclide pres- 
ent on 1 January 1959. Totalling these 
activities we get 690 millicuries per 
square mile or a 65-percent reduction 
in beta activity. The contributions of 
the 12 monthly increments of beta 
activity to cumulative levels are illus- 
trated in Fig. 2. The effect of radio- 
active decay on the year’s final level 
(690 mc/mi?) is obscured by heavy 
fallout during October and November. 
The contributions of strontium-90 and 
cesium-137 to the 1 January level were 
2.7 and 3.1 percent, respectively. 


Tungsten Deposition 


Tungsten, an element not occurring 
in fission, was a tracer for the test series 
conducted by the United States in the 
Pacific during the spring and summer 
of 1958. The isotope tungsten-185 was 
first detected in New York City fallout 
in the latter part of May 1958. The 
monthly fallout pattern is illustrated, 
along with the fission products, in Fig. 
1. July was the month of peak deposi- 
tion of this isotope in the New York 
City area, and this peak appeared con- 
currently with the second monthly 
activity level peak illustrated for the 
six other nuclides analyzed. From this 
it appears that the July deposition peak 
in the New York City area resulted 
primarily from the Pacific test series, 
which also contributed to the observed 
monthly fallout levels for the remainder 
of 1958. 


Solubility of Fallout Nuclides 


Strontium-90 and cesium-137 are 
considered to be biological hazards be- 
cause of their entry into the food chain 
and their final uptake by the human 
body. Martell (4, 7) has studied the 
chemical state of strontium in fallout 
debris and reports that strontium-90 is 
formed primarily as the oxide. Through 
weathering and absorption of moisture 
and carbon dioxide, the isotope is gen- 
erally deposited in long-range fallout as 
the carbonate. 
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During the first 6 months of 1958, 
the solubility of nuclides, as deposited 
on the ground in New York City, was 
measured with an adaptation of the 
collection service described by Welford 
and Harley (7). The unit consisted of 
two polyethylene ion-exchange columns 
connected in series and attached to a 
funnel with a leveling device to prevent 
either column from running dry during 
the exposure period. As the fallout is 
deposited in the funnel, the first column, 
consisting of paper pulp supported on 
a glass-wool base, filters out the in- 
soluble material. The soluble material 
passes through and is collected in the 
second column, which contains a mixed- 
bed ion exchanger that adsorbs this 
soluble material quantitatively. The 
average percentages of the nuclides 
found in the insoluble portion (paper 
pulp) and the soluble portion (ion- 
exchange resins) are listed in Table 4. 
From these data it is evident that most 
of the isotopes are deposited in the New 
York City area in both soluble and in- 
soluble form. Notable exceptions are 
the strontium isotopes, which occur pre- 
dominantly in the soluble form. Cesi- 
um-137 in fallout debris is 70-percent 
soluble, and zirconium-95 is the most 
insoluble of the nuclides deposited in 
New York City, showing an average of 
only 29-percent solubility. 


Rainfall 


It has been established from stron- 
tium-90 and cesium-137 measurements 
that precipitation is a controlling factor 
in the deposition of fallout from the 
lower atmosphere (7). Since most of 
the particles present in long-range nu- 
clear debris are not of sufficient mass 
for significant deposition to occur 
through gravitation, deposition is caused 
mainly by condensation of water drop- 
lets around the debris or the adherence 
of debris particles to raindrops already 
formed. Therefore, the activity content 
of the air is also a major factor in the 
activity levels of fallout deposition. For 
limited areas, weathered by air masses 
of reasonably consistent activity con- 
centrations, fallout deposition is pro- 
portional to rainfall (8). 

Over the years, this effect has been 
obscured in the New York area by 
large seasonal variations in air concen- 
trations and variations caused by debris 
dispersed from the Nevada testing site. 
Figure 3 relates monthly depositions of 
strontium-90 and cesium-137 to month- 
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ly rainfall in New York City during 
1958. The dependence of fallout on 
rainfall is shown by the coincidence of 
peak precipitation and _ deposition 
months in April, July, and October. 
Stewart et al. (9) observed that heavy 
rains lower and light rains increase the 
specific activity of rain water for indi- 
vidual sites. This was illustrated in New 
York during September and October, 
when the monthly precipitation rates 
exceeded the mean rate for the year 
and the specific activity was low. In 
November and December, when the 
monthly rains were below average, spe- 
cific activity levels were high. 

Since 1955, sharply increased fallout 
deposition during the spring months has 
been observed in the northern latitudes 
(10). This phenomenon has been at- 
tributed to tropospheric dispersion (//) 
and delayed stratospheric deposition 


(12). Martell (4) recently cited fall 
and winter testing of intermediate mega- 
ton devices in the northern latitudes as 
having temporarily lodged fresh debris 
in the lower levels of the northern 
stratosphere. For 1958, large amounts 
of strontium-89, zirconium-95, cerium- 
144, and yttrium-91, in addition to 
strontium-90 and cesium-137, were re- 
ported in spring depositions in New 
York City (Table 1). Figure 3 illus- 
trates the influence exerted by rainfall 
during this period of increased atmos- 
pheric activity. Similar depositions are 
recorded for March and May, when 
rain levels were average, but high rain- 
fall in April caused an appreciable rise 
in the deposition rate. Similar correla- 
tion between the deposition of shorter- 
lived material and rainfall is noted in 
other periods of consistent, but pre- 
sumably lower, atmospheric concentra- 
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Fig. 2. Contribution of monthly increments to cumulative total beta activity levels in 


New York during 1958. 
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Table 2. Comparison of monthly (a) and sum of semi-monthly (6) activity levels found in New York 


City fallout during 1958. 








Activity level (mc /mi?) 























Period - _ —— —___—_—_—__— 
Sr90 Cs137 Cei44* Zr95* Sr89* you* 
March 
(a) <on 3.22 35.9 93.4 29.7 
(b) -96 3.94 25.2 91.2 47.3 
April 
(a) 3.68 3.46 52.4 139 S15 
(b) 3.21 4.92 56.4 104 3 45.7 
May 
(a) 3.45 2.95 41.2 49.9 16.7 36.1 
(b) 3.04 3.49 51.6 88.3 20.8 40.6 
June 
(a) 1.28 0.57 30.2 32.3 14.3 3.28 
(b) 1.35 0.89 27.1 67.6 13.7 7.66 
* Extrapolated to the'ond of the sampling month. ; ; % 
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Fig. 3. Comparison of long- and short-lived fallout levels with rainfall in New York 


during 1958. 
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tions. July and October (Fig. 1) show 
simultaneous peaks, and June and 
August show corresponding minima in 
the deposition and rainfall curves. 

Generalizations on the over-all rela- 
tionship between fallout and weather 
are complicated by several sources of 
error. Sampling, analysis, dry deposi- 
tion, wind currents, and the eclipsing 
of short-term phenomena by the ex- 
tended sampling times may all con- 
tribute to the variations appearing in 
the data. Notable in this respect are the 
high strontium-90 and cesium-137 activ- 
ities observed in May (Fig. 3) in con- 
junction with minimal rainfall and the 
high short-lived depositions in Novem- 
ber, also associated with low precipita- 
tion. 


Age and Origin of Debris 


The approximate age of fallout debris 
may be established through the relative 
concentrations of nuclide pairs. Theo- 
retical slow fission yields may be used 
to approximate the amounts produced 
by the detonation, and the ratio may be 
extrapolated by means of the decay 
constants of two nuclides. Strontium-89 
and strontium-90 have been most fre- 
quently used in dating long-range debris. 
Since mixtures of old and fresh debris 
result in enrichment of strontium-90 
with respect to strontium-89, ratios of 
shorter-lived materials have proved 
more sensitive. 

During 1958, peak depositions of 
shorter-lived nuclides in New York in 
April, July, and October-November in- 
dicated the arrival of debris from 
several recent test series. To determine 
the age of the monthly depositions, 
Sr*°/Sr®°° and Zr®5/Ce'** ratios were 
used. Table 5 lists apparent production 
dates calculated from these ratios. There 
is generally good agreement in the two 
approximations. The debris collected 
from January through June originated 
primarily from tests occurring in the 
fall of 1957. In March and April, 
debris from the tests conducted in the 
winter months of 1958 arrived along 
with older debris. Collections for July 
through December have already been 
associated with the U.S. series in the 
spring of 1958, in which tungsten-185 
was produced. The nuclide ratios cor- 
roborate this evidence and also show 
the arrival from October through De- 
cember of debris from the U.S. and 
Russian fall tests. 
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Table 3. Cumulative aspects of New York City 
fallout during 1958. 


Total beta Calculated total 
activity deposited beta activity on 








Nuclide during 1958 1 Jan. 1959 
(mc /mi?) (mc /mi?) 
Sr 18.2 18.2 
Cs137 21.2 y 4 ey 
Cel44 349 173 
Zr95 925 277 
Sr89 294 93.2 
ys 264 33.4 
Wiss 192 71.6 





Nuclide ratio approximation is lim- 
ited by several factors, including varia- 
tion of actual yields from the theoretical 
and fractionation of nuclides in the 
fireball of the detonation. These limita- 
tions are compounded, in the dating of 
long-range fallout, by mixture of debris 
before deposition. This is especially 
true of strontium-90, which outlasts 
strontium-89 in old debris and distorts 


Table 4. Solubility of nuclides in fallout. 








; Percent Percent 
Nuclide insoluble (av.) soluble (av.) 
Sr90 0.03 95.6 
Sr89 3.56 94.4 
Cs137 22.6 70.0 
yo 47.6 52.4 
Wiss 52.3 45.6 
Cel44 57.3 42.0 
Zr9s 67.8 29.1 





Table 5. Age of debris estimated from nuclide 
ratios in New York City fallout during 1958. 





Apparent production dates 








Sampling 

month Zr95 /Cet44 Sr89 /Sr90 
Jan. Nov. 1957 

Feb. Nov. 1957 

Mar. Jan. 1958 

Apr. Feb. 1958 Sept. 1957 
May Nov. 1957 Sept. 1957 
June Dec. 1957 Jan. 1958 
July Mar. 1958 Apr. 1958 
Aug. Apr. 1958 May 1958 
Sept. May 1958 May 1958 
Oct. Aug. 1958 Aug. 1958 
Nov. Oct. 1958 Aug. 1958 
Dec. Nov. 1958 Sept. 1958 
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the dating of mixtures. This effect is 
observed in April and May samples 
(Table 5), where the strontium internal 
ratios yield earlier apparent production 
dates than the Zr°5/Ce**?* ratios. 


Conclusions 


Rainfall is clearly a controlling factor 
in fallout deposition patterns. Propor- 
tionality relationships between activity 
and rainfall, which have been estab- 
lished for areas of consistent atmos- 
pheric activity, pertain also to other 
areas during limited periods when air 
concentrations are static. The depend- 
ence of fallout on rainfall is not notably 
different for old and fresh debris or for 
long- and short-lived nuclides. 

Strontium-90 and cesium-137, bio- 
logical hazards in fallout material be- 
cause of their similarity to calcium and 
potassium, respectively, are deposited 
in predominantly soluble form, and 
this increases the possibility of entry 
into the food chain. 

The deposition pattern of tungsten- 
185 in New York City during 1958 
shows that nuclear tests contribute to 
off-site fallout within weeks of the deto- 
nation. Moreover, this contribution is 
measurable for at least 8 months, even 
when testing and sampling occur in 
widely separated locations. 

The approximate age of the debris 
collected in New York during 1958 is 
established through fission-product ra- 
tios. When an average age of 100 days 
is assumed, it is estimated that the seven 
nuclides measured account for about 
40 percent of the year’s total beta 
activity. When the calculated amounts 
of yttrium-90, praseodymium-144, nio- 
bium-95, ruthenium-103, cerium-141, 
barium-140, lanthanum-140, ruthenium- 
106, rhodium-106, and promethium- 
147 are added to values for the nuclides 
measured, it appears that the total 
deposition of beta activity in New York 
City during 1958 was 5 curies per 


square mile, and that the level on 1 Jan- 


uary 1959 was 1.7 curies per square 
mile. Less than 3 percent of either of 
these values is attributable to the Sr®°- 
Y°° and Cs'**-Ba'*? chains. 

According to prevailing fallout dis- 
tribution theory, New York fallout 
levels are representative of a mid-lati- 
tude band covering about 15 percent 
of the earth’s surface. Since the fallout 
in this area is no more than four times 
that of other areas, it is obvious that 
continued testing at a rate similar to, 
or above, that in 1958 will necessitate 
the complete documentation of depo- 
sition levels for shorter-lived nuclides. 
Any evaluation of radiation dose to the 
population from fallout must include 
these activity levels (/3). 
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Knowledge: a Growth Process 


Knowledge grows like organisms, with data serving 
as food to be assimilated, rather than merely stored. 


It seems appropriate for a member of 
the American Philosophical Society for 
Promoting Useful Knowledge to re- 
view for himself on occasion the philos- 
ophy by which useful knowledge is 
promoted. I have indulged in such a 
private exercise, not as a philosopher, 
which I am not, but as a practitioner 
of science. In our day, promotion of 
knowledge has become a public trust. 
Its managers and practitioners must see 
and keep the object—knowledge—in 
sharpest focus, lest it get blurred in the 
excitement of a mass-production boom, 
or get disjointed by progressive parcel- 
ing among producers, sponsors, distrib- 
utors, interpreters, edministrators, and 
consumers. 

Promoting knowledge can only mean 
fostering its intrinsic growth. To do this 
rationally requires insight into the na- 
ture of the growth process. I wish to 
show that, fundamentally, our knowl- 
edge grows the way a living body does. 
The kind of knowledge I shall deal with 
is scientific knowledge, implying no in- 
ference to other forms. And even this 
limited perspective is slanted from the 
angle of my specialty, the life sciences. 
Yet, it takes the vantage point of a 
biologist to recognize the growth of 
knowledge as truly a mirror image of 
the growth of organisms. Not long ago, 
I summed it up as follows: “Scientific 
knowledge grows like an organic tree, 
not as a compilation of collector’s items. 
Facts, observations, discoveries, as 
items, are but the nutrients on which 
the tree of knowledge feeds, and not 
until they have been thoroughly ab- 
sorbed and assimilated, have they truly 
enlarged the body of knowledge” (/). 
This thesis I shall now try to expound. 





The author is member and professor at the 
Rockefeller Institute, New York. This article is 
based on a paper read at the meeting of the 
American Philosophical Society, Philadelphia, 13 
November 1959, and is being printed simultane- 
ously in the Proceedings of the American Philo- 
sophical Society 104, No. 2 (1960). 
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Paul Weiss 


My model is a higher animal. The 
main steps of its growth process are 
diagrammed in the upper half of Fig. 1, 
with boxes indicating material entities, 
and arrows, the flow of processes con- 
necting them. Growth converts food 
from the environment into body sub- 
stance in a sequence of four major 
steps: intake, digestion, assimilation, 
and final utilization. The raw materials 
are gathered from the environment and 
either stored or passed on directly for 
alimentary processing. Digestible items 
are broken down chemically to more 
manageable compounds, which are then 
screened and sorted into useful and use- 
less varieties. The wastes, together with 
undigestible residues, are eliminated, 
sharing the fate of spoilage from pro- 
tracted storage. The useful items, the 
true nutrients, are circulated to the 
tissues, whose cells pick what they 
need, then recombine and modify it to 
form intermediary products, already 
bearing specific earinarks of that organ- 
ism, some to be recirculated for use 
by other cells, some still to be dis- 
charged as waste; and finally, culmi- 
nating the synthesis, each cell con- 
structs from this supply pool selectively 
the substances and structures uniquely 
characteristic of its own kind. In this 
last step, cells branch in two directions: 
They either reproduce, that is, add more 
cells to the body; or they turn to the 
manufacture of special products, like 
fibers, hair, secretions, bone, and such. 

This model is abridged and over- 
simplified. However, it illustrates the 
essence of the growth process, which is 
that in its growth an organism never 
adopts foreign matter outright, but re- 
organizes and assimilates it to fit its 
own peculiar pattern. Even a leech must 
first dissolve the hemoglobin of its meal 
of blood and then compose its own 
brand from the fragments. Organic 
growth is by assimilation, not accretion. 
Food items are not simply stuck on to 





the body, but, on the contrary, lose their 
identity and become anonymous and 
indistinguishably blended into the body’s 
very own type of constituents by the 
processing chain of extraction, screen- 
ing, sorting, fitting, and recasting. 

How closely this course is mirrored 
in the growth of knowledge is sym- 
bolized in the lower half of Fig. 1, 
beginning from its source—experience, 
still unprocessed. Probing of the en- 
vironment furnishes the raw data of 
information, which are either stored as 
records for future use or analyzed 
forthwith. The products of analysis are 
then screened and sorted according to 
relevance. Irrelevant ones go into dis- 
card, sharing the fate of records be- 
come obsolete. And from this sorting, 
the pile of data emerges as an ordered 
system, catalogued and classified, yet 
each item still revealing its erstwhile 
identity. The grandest examples of such 
ordered sets of data are perhaps the 
Linnean system of species prior to the 
theory of evolution, or the Mendelyeev 
Atomic tables prior to modern physics. 
In various stages of evaluation, such 
packaged information is then widely 
circulated, leading to confluence and 
critical correlation with countless con- 
tributions from other sources. From 
this synthetic process, hypotheses 
emerge, which, upon further verifica- 
tion, turn into integral parts of the body 
of knowledge—theorems, _ principles, 
rules, and laws—general formulas 
which not only supersede the itemized 
accounts of the very data from which 
they were derived, but can dispense 
with the further search for items of in- 
formation, which they predictively sub- 
sume. 

At this stage, data have become 
assimilated, have lost their individual 
identities in merging with that higher 
entity—the body of organized knowl- 
edge. Sheer listing has given way to 
understanding. A patchwork of unre- 
lated facts has been transformed into 
a rationally connected thought struc- 
ture of inner consistency, viable and 
durable, subject to the tests of survival 
and the adaptive improvements of 
evolution—a veritable model of an 
organism. As in the organism, the cul- 
minating phase is branched: as basic 
knowledge grows, part of the increment 
accrues to its own body, yielding more 
basic knowledge, while another part is 
converted into differentiated products— 
all that is commonly lumped under the 
attribute “applied.” 

Note that no separate express tracks 
connect either foodstuffs directly with 
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functional products in the organism, or 
informational data with practical results 
in human affairs, but that both must be 
routed through the common machinery 
for growth. In knowledge, as in nature, 
fruit grows on trees and cannot be raised 
directly on the soil by short cuts by- 
passing the tree. 

Our growth analogy could be ex- 
panded—tradition standing for hered- 
ity; novel ideas, for mutations; the 
“team” approach, for symbiosis—but 
the general parallelism will have become 
clear enough for us now to examine 
its implications. 

In the first place, it shows that in- 
formation is not tantamount to knowl- 
edge. Information is but the raw ma- 
terial, the precursor, of knowledge. To 
hoard a store of unrelated items of in- 
formation in a mental gullet by rote 
memory and without sense of relevance 
—including the ability to regurgitate 
the data on a quiz master’s prompting— 
should pass for knowledge no more than 
the stuffing of a hamster’s pouch can 


be regarded as growth. Knowledge 
emerges from the distilling, shaping, 
and integrating of the raw material into 
concepts and rules; and in this process 
of condensation and generalization, the 
number of bits of detailed information 
dwindles, rather than mounts: a piling 
up of raw data signals glut rather than 
growth. 

Accordingly, if knowledge grows like 
organisms, we ought to observe sound 
dietetics and avoid unhealthy over- 
stuffing; the symptoms of glut—re- 
dundancy, superdetermination, overso- 
phistication, and just plain bulk—are 
already noticeable in current research 
practices. Part of the syndrome carries 
rather undignified names, such as “soft 
money” or “projectitis.” But the crucial 
ailment is myopic vision, which fails to 
recognize the true character of knowl- 
edge. Once out of sight, the body of 
concepts to which data collection should 
be related no longer guides the search 
for data. The sense of relevance and 
selectivity becomes atrophic, compos- 





ing stops at sheer compiling, search 
becomes pointless, and freedom of in- 
vestigation degenerates into license for 
random movements. 

The diagnosis calls for preventive 
therapy. One nostrum proposes that 
research be governed, with social utility 
as the beacon. Unfortunately, the diet 
this prescribes for knowledge is of the 
sort that social insects feed to their 
larvae to mold them to preordained 
stations in life, mostly soldiers and 
sterile workers, instead of nurturing 
versatile and reproductive specimens. 
By contrast, I submit that knowledge 
grows best on a liberal balanced diet 
based on variety and wide freedom of 
choice, free of excessive roughage. 

Now, who is there to write the for- 
mula? We all abhor the notion of an 
all-wise potentate of knowledge, 
whether person, institution, or society, 
to rule on what will, and what will not, 
promote the growth of knowledge. But 
there is one wizard, who has the for- 
mula and gladly hands it over for the 














Fig. 1. (Top) The growth process of higher animals. (Bottom) The growth of knowledge. 
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asking—history, which has watched 
knowledge grow from infancy. It tells 
us that the key agent in the growth of 
knowledge has always been the human 
mind, imaginative, critical, and integra- 
tive; devising robots, tools, and tech- 
niques merely as aids to extend the 
limited reach of man’s perception and 
control, but never abdicating the func- 
tions of evaluation and invention. Pro- 
moting knowledge, therefore, implies 
giving full scope to the exercise of the 
faculty for assimilation and synthesis 
by which the mind converts facts to 
knowledge. The history of knowledge 
contains the rules to give those bent on 
promoting knowledge by either doing 
or supporting research the necessary 
cues for intelligent and responsible self- 
direction. The stress here lies on “self”; 
there is no need for forcible external 
steering: bearings for self-steering are 
needed. But how could the uninitiated 
self orient itself purposefully if we hide 
or blur the goal? Or do we expect each 
self to rediscover the goal for himself 
by trial-and-error, fumbling and floun- 
dering in semidarkness, when we could 
readily draw on the lessons of the past 
to illuminate both goal and path? 


You realize what I am driving at. 
As educators we mold tomorrow’s pro- 
moters of knowledge. We must be far 
more explicit than we have been lately 
in teaching them not just the present 
state of knowledge, but the way in which 
it has grown up to here, which is the 
only way in which it can grow further. 
Inspired teachers teach and practice it, 
but they are too few. Some students 
find it by themselves, but not enough of 
them. So, let us restore to education 
some fundamentalism—making explicit 
to the student the fundamental bearings 
needed for him to chart his own course 
in clear view of what furthers knowl- 
edge and what does not, instead of let- 
ting him drift in the cross currents of 
traditional momenta and alluring fash- 
ions. Ideas—yes, even well-founded 
speculation—should find a_ respectful 
place again among the shining gadgets. 
And his critical mind, rather than the 
board room of a fellowship or grants 
committee, should become again the pri- 
mary testing and screening ground for 
relevance. If he finds data, let him ex- 
plain their meaning. And if he can’t he 
should have a sense of incompleteness, 
and not of glee over having prevented 
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mental contamination of nature. Let 
editors encourage, rather than blue 
pencil, an author’s interpretive excur- 
sions. And let the whole process of 
fostering knowledge become refocussed 
on penetration and concentration, in- 
stead of sheer expansion and bulk. Or 
else, knowledge—an organism—might 
come to share the fate of the dino- 
saurs. 

Yet, notwithstanding this plea for 
more thorough digestion and mental 
processing of data, there is another side 
of nature which is refractory to this 
treatment and does not fit our analog 
at all. I am referring to those phenom- 
ena whose constellation in space or 
seriation in time is so unique that gen- 
eralization would obliterate their most 
relevant features. We can establish gen- 
eral principles of parasitism, but each 
species of parasite has its own peculiar 
life history, which must be known as 
such. Chemical chain reactions must 
conform to thermodynamic law. But 
just what sequence of steps constitutes 
a given metabolic cycle must still be 
determined separately in each instance. 
Despite their common name, each hor- 
mone has its own special way of operat- 
ing, and each disease has its specific 
course. In other words, the information 
which in the search for basic knowledge 
would merely be a way station, be- 
comes a terminal; to remain useful, its 
itemized character must be preserved. 

This seems the proper province of 
automation, relegating increasingly to 
technological devices the jobs of re- 
cording, scanning, sorting, reducing, 
storing, and retrieving data. But even 
here human intelligence will have to 
judge what to explore and to record. 
As every single walnut is unique, can 
we afford to go on indefinitely shelling 
walnuts and loading down our libraries 
with records of their physiognomies? 
Certainly not, unless there is a point to 
it. To make the point is up to the in- 
vestigator. But it is up to educators 
to imbue investigators with a sufficient 
sense of relevance and responsibility 
as to abstain from pointless tasks. Self- 
direction must not be let lapse into self- 
indulgence. But how draw the line? 
Whether to stop at pragmatism or to go 
on to generalize varies, of course, with 
subject matter, need, and interest but, 
above all, perspective. 

To gain perspective, let us again turn 
to history. What is—so we may ask— 
the real fate of plain recorded data? 
What is their life expectancy, and does 
it differ substantially for data that can 
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be generalized and those that cannot? 
Since mere occupancy of library space 
is no criterion of life, as against mum- 
mification, I made a little actuarial 
study, using as a gauge of relative vital- 
ity of data the frequency with which 
they are referred to in the literature. 

For comparison, I chose two biologi- 
cal journals: Experimental Cell Re- 
search, with a strongly analytical em- 
phasis, and the Biological Bulletin, with 
a larger descriptive bias. I tallied all 
references, except self-citations, by all 
authors year by year over a 10-year 
period and plotted the percentage fre- 
quency with which publications were 
cited lying back 5, 10, 15, 20, and so 
forth, years. Figure 2 shows the results, 
which are quite striking (2). 

For each of the two journals, the 
annual percentage frequencies define 
with remarkable consistency a single 
curve, where course expresses the rate 
of obsolescence of publications. The 
steepness of its slope should give us 
pause. No more than 50 per cent of 
the annual references in Experimental 
Cell Research date further back than 
five years, and still older literature is 
rapidly lost sight of. By contrast, the 
flatter curve for Biological Bulletin re- 
veals a much greater dependence on 
older records. The difference is highly 
significant. To validate it further, I 
plotted the chronological frequencies of 
back citations during 1952-1954 in the 
major journals in physiology and in 
zoology and entomology (Fig. 3) from 
a report on “Scientific Serials” (3), 
and obtained an essentially similar pair 
of curves, both dropping off sharply, 
but the drop being much steeper in 
analytical physiology than in its more 
descriptive biological sister sciences. 

The lessons of this actuarial census 
of literature thus are twofold: In the 
first place, the active life span of pure 
data is at any rate amazingly short: 
they die of either assimilation or obliv- 
ion. And second, the less they lend 
themselves to assimilation, the longer 
they remain useful individually. 
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This leads me to conclude as follows: 
Each field of knowledge must be ac- 
corded its own merit ratio between 
generalization and particularization, it 
being taken for granted that assimila- 
tion will be driven to the utmost limits 
compatible with the nature of the field. 
Yet, in view of the rapid attrition of all 
unassimilated information, a radical re- 
orientation of our publication policies 
would seem warranted, based on intro- 
ducing the principle of actuarial tables, 
about as follows: 

In each discipline separate media of 
publication would be established for 
classes of communications of different 
life expectancies. Each author of a 
manuscript would assess its prospective 
useful life span—presumably with the 
benevolent advice of editors—on a rat- 
ing scale extending from the ephemeral 
technical note at the low end to the 
great synthetic opus at the other; the 
paper would then be allocated to the 
corresponding fast-aging or slow-aging 
class of serial. Each serial volume 
would be kept on library shelves only 
for the time span allotted to its class, 
and then discarded, except in a few 






libraries specifically designated as per- 
manent historical repositories. Some 
such deliberate scheme would go far in 
restoring and preserving a reasonable 
ratio of payload to ballast in our rec- 
ords of knowledge. 

Graded in terms of relevance, not 
every observation is worth reporting; 
not every report is worth recording; not 
every record is worth publishing; and 
not every publication is worth preserv- 
ing for eternity, except in sample speci- 
mens as in Noah’s Ark. I submit that 
this grading can still be left to the in- 
vestigators and their peers, as long as 
they are cognizant of the true nature 
of knowledge as a growth process, of 
which assembling facts—of food for 
thought—is but the first preliminary 
step; a growth process, moreover, which 
often thrives better on a spare than on 
an overly rich diet, and in which self- 
restraint can readily ward off obesity. 

So in conclusion, and dropping para- 
bolic language, the effective pursuit of 
knowledge is intimately linked to the 
old virtue of disciplined research 
morale which will not countenance the 
substitution of bigness for greatness, 
gadgets for intellect, projects for ideas, 
and man-hours for thought; although 
it must rely to the fullest on technical 
relief by gadgets and man-hours in 
those auxiliary services which do not 
require the intervention of a construc- 
tive mind. 

As I said at the outset, my com- 
ments are confined to scientific knowl- 
edge. Its steady long-range growth has 
still immense potential scope. We 
should not let it get diverted, inflated, 
and unbalanced by pressures for short- 
range crash spectaculars. More than 
ever, our key words should be balance 
and perspective. 
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Hessel de Vries, 
Physicist and Biophysicist 


On 23 December 1959 death came 
to Hessel de Vries, at the age of 43. 
De Vries was professor of physics at 
the University of Groningen and a 
member of the Royal Dutch Academy 
of Science. Not only in the realm of 
physics but to all of science and to all 
scientists his death is an almost ir- 
reparable loss. 

His scientific career lasted little more 
than 20 years. During that time he 
made significant contributions to diver- 
gent fields of natural science. Once his 
interest in a problem was aroused, he 
did not rest before he had thoroughly 
investigated all its consequences; less 
essential matters had to wait until a 
solution had been found and a deeper 
insight had been reached. 

It is impossible to give here a survey 
of his work which would be in any 
way complete. In reading through his 
more than 80 publications, one’s at- 
tention is repeatedly drawn to subjects 
which are but loosely connected with 
the main fields of his research. I will 
therefore restrict myself to pointing 
out some of the results of his work in 
the three principal fields in which he 
became particularly distinguished: neu- 
tron physics, the area of his doctoral 
thesis; biophysics, in which he received 
a chair in 1954; and carbon-14 re- 
search, which he had fully mastered 
and which he developed in Groningen 
to a degree of perfection unequaled 
anywhere. 

During the period in which de Vries 
conducted his research in nuclear phys- 
ics (1938-1946), information about the 
interaction of nuclei with neutrons was 
scarce and not very reliable. In partic- 
ular, measurements of resonance param- 
eters produced doubtful results at a 
time when the time-of-flight method 
had not yet been developed. The filter 
methods for measuring resonance 
widths, published by de Vries in 1942, 
resulted in substantial improvement in 
this field. 

In 1943 de Vries had already be- 
come interested in the biophysics of 
the sensory organs, and at this time 
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he published an article on the influence 
of the quantum character of light on 
vision. Some years later this work was 
extended to include an investigation of 
color vision; among other things he 
developed an ingenious method for 
independently measuring the sensitiv- 
ity curves of the blue, green, and red 
receptors. With this method, different 
kinds of color blindness could clearly 
be distinguished. In particular his meas- 
urements of the sensitivity curve of 
the red receptors in the long-wave 
region became widely known. He ex- 
plained the form of this curve by as- 
suming that the thermal motion of the 
molecules supplies the energy that the 
quanta of red light lack for stimulat- 
ing the red receptors. A confirmation 
of this theory was found in the “red 
shift” of the sensitivity curve, occurring 
when the temperature of the eye is 
raised. Anyone working in Groningen 
at that time remembers these experi- 
ments, where the test subject was placed 
in a transformer vessel filled with hot 
water. This water was kept at the right 
temperature by Bunsen burners. 
Hearing also became a subject of de 
Vries’ investigations. These studies em- 





Hessel de Vries 


braced all functions of the ear, espe- 
cially the transport of sound within the 
auditory passages. Involved, too, were 
studies of the static and dynamic sense 
of equilibrium and of the microphonic 
activity of the semicircular canals and 
the cochlea. When his knowledge of the 
anatomy of the inner ear proved in- 
sufficient, de Vries applied himself to 
detailed study. Together with Kuiper 
he made extensive measurements of the 
microphonic activity of the lateral line 
organ of fishes. Here, for instance, an 
explanation was found for the recti- 
fication occurring in the cupula. 

In the course of his physical research 
on the senses de Vries was often able 
to demonstrate, in a surprisingly quanti- 
tative way, to what extent nature had 
succeeded in optimal construction of 
the organ. In particular, threshold 
values of sensitivity often proved to be 
such that Brownian motion could have 
no adverse influence. 

In his biophysical work de Vries 
learned not only the attractions but 
also the pitfalls which nature has pro- 
vided for those who want to force her 
into the mold of a physical model. 
Sometimes his theories proved to be 
wrong; he acknowledged this once with 
the words: “A theory may be wrong, 
but that does not matter; it is more 
important whether it is usable, whether 
it widens our scope and incites new 
experiments.” A survey, with many 
references, of his biophysical work may 
be found in Progress in Biophysics [H. 
de Vries, “Physical aspects of the sense 
organs,” Progr. in Biophys. and Bio- 
phys. Chem. 6 (1956)]. 

How important physical methods and 
a physicist’s point of view can be for 
research in fields not originally of a 
physical nature was again and even 
more impressively demonstrated by de 
Vries in his application of the carbon- 
14 method to archeological, geological, 
and climatological problems. Since 
there exist excellent surveys of the car- 
bon-14 method [for example, H. de 
Vries, Ned. Tijdschr. Natuurk, 23, 277 
(1957)], I shall only mention here how 
he succeeded in improving this method 
to such a degree that at Groningen it 
is now possible to determine ages up 
to 50,000 years with small quantities of 
carbon, and up to 70,000 years when 
the samples can be enriched in the C”™ 
isotope. 

The important improvements of the 
carbon-14 method made by de Vries 
resulted from strenuous labor, guided 
by his thorough understanding of the 
physics of the method. In the first place 
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he discovered that carbon dioxide can 
be used as a gas in a proportional 
counter, provided it is extremely pure. 
Carbon dioxide counters are now used 
in almost every carbon-14 laboratory. 
Their greatest advantages over counters 
with solid carbon are their much higher 
efficiency, which makes possible the use 
of much smaller samples, and the fact 
that they can be filled easily and ac- 
curately. Further, de Vries developed 
methods of purifying the gas in little 
more than one hour. His thorough 
analysis of the background of the 
counter led to effective measures for 
its reduction and to a correction for 
fluctuations in its intensity. Much at- 
tention was always given to the chemi- 
cal pre-treatment of the samples. 
Especially in old samples, the possibility 
of contamination with recent carbon 
was always carefully investigated. Very 


often de Vries went to dig out his 
samples himself, even to North Amer- 
ica, in order to be absolutely certain 
that the samples were not, through in- 
judicious treatment, contaminated by 
recent carbon. 

De Vries contributed to many in- 
vestigations of archeologists and geol- 
ogists, not only by dating their samples 
but also by actively engaging in their 
research. His own particular interest, 
of late, lay in the chronology of the 
climate of the last glacial period. He 
published many new facts about this 
in the last year of his life. 

Besides his study of the “macro”- 
climate, de Vries discovered a remark- 
able correlation between “micro”-cli- 
mate (that is, temperature fluctuations 
within a period of about 100 years) and 
fiuctuations of +1 percent, with respect 
to the average, in the carbon-14 activity 


Science in the News 


Radiation Standards: 
Testimony at Congressional Hearings 
Tends To Be Reassuring 


Despite some differences in em- 
phasis there appeared to be a broad 
agreement among the several dozen 
scientists who appeared at the radiation 
hazard hearings ending last week that 
the risks involved at present levels of 
exposure are quite small compared 
either with other hazards of modern life 
(cigarettes, air and water pollution, and 
automobile accidents, to name three) 
or with the benefits derived from the 
use of radiation. 

The testimony, before the Joint Com- 
mittee on Atomic Energy, emphasized 
that there are substantial uncertainties 
about the amount of harm, if any, that 
is likely to result from the low dose 
tates to which people are now being ex- 
posed. Because of this the witnesses 
agreed that it was prudent to take steps 
to see that exposure is kept as far be- 
low the recommended “guidance levels” 
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as practical. There were differences of 
opinion over just how much concern 
is justified over the probable damage 
stemming from current exposure rates, 
but none so sharp as to lead anyone to 
suggest that the Radiation Protection 
Guides proposed last month by the Fed- 
eral Radiation Council need to be re- 
vised downward. These guides, it was 
repeatedly pointed out, do not repre- 
sent danger points but only control 
points below which the likelihood of any 
individual being harmed is believed to 
be so small that any reasonable in- 
creased use of radiation that promises 
some benefit should be permitted. The 
current level of exposure for the gen- 
eral population was estimated to amount 
to 10 percent or less of these guidance 
levels, and there appeared to be little 
likelihood that the general level of man- 
made radiation would climb near the 
over-all guidance levels in the foresee- 
able future. 

The guides apply to all man-made 
radiation, including fallout, with the ex- 


of the last 400 years. Although this 
made many datings of more recent 
samples less reliable, on the other hand 
it did explain some serious discrepan- 
cies. 

De Vries often saw his scientific work 
as a game, but he played this game 
with the utmost concentration, its rules 
being the laws of nature. He used these 
laws in a way which clearly demon- 
strated how they had become a part of 
him. His ways of dealing with physical 
problems provided an example worth 
more than many a neatly prepared lec- 
ture. He disliked all ostentation, to such 
a degree that in lectures he often glossed 
over his own achievements. His un- 
timely death is a great personal loss to 
many scientists all over the world. 

H. DE WAARD 
Laboratory of Physics, University of 
Groningen, Groningen, Netherlands 


ception of medical uses. These medical 
uses were said to account for 90 per- 
cent or more of the exposure to man- 
made radiation, but since their con- 
tribution to the health of the public far 
outweighs the most pessimistic estimates 
of the incidental damage from them 
they cannot be considered a health 
hazard in the sense that other exposure 
to radiation is so considered. In any 
event, whether to take a given x-ray 
was felt to be a matter to be decided by 
the physician handling the individual 
case. But it was pointed out that im- 
provements in x-ray technique and 
equipment could probably reduce the 
incidental hazard for both the physician 
and patient by 10 percent, and perhaps 
considerably more, without in any way 
limiting the benefits. A reduction of this 
size would probably be equivalent to 
the complete elimination of all other 
man-made radiation. 


Radiation Protection Guides 


Based on statements such as the re- 
port of the National Committee on Ra- 
diation Protection which appeared in 
the 19 February issue of Science, the 
method for calculating the radiation 
guides appears to be this: You assume, 
first, that there is no threshold level be- 
low which radiation is harmless; second, 
that the probable effects are directly 
proportionate to the dose; and third, 
that the damage from chronic exposure 
to low dose rates will be the same as 
for a dose of the same total size ac- 
cumulated at a high rate in a short 
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time. All of these are considered to be 
the most conservative reasonable posi- 
tions. You then extrapolate conserva- 
tively from the available data, all of it 
based on high dose rates or acute doses, 
since studies of groups exposed to com- 
paratively low rates have not yet turned 
up any clear evidence of damage. You 
then try to calculate a dose rate where 
it will be very unlikely that any given 
individual exposed to such a rate over 
a period of many years will suffer any 
discernible damage. You then, apparent- 
ly, take this figure and compare it with 
the state of technology. If it is high 
compared to- the limits of radiation 
that can be demanded without stunting 
the growth of beneficial uses of radia- 
tion, you lower it some more to add an 
additional margin of safety and because 
you do not want to encourage laxness 
by setting the standard so high above 
current levels that people are led to 
think there is nothing at all to worry 
about. You thus arrive at a number 
which you set as the control point for 
radiation workers. 





To set a guide for the population at 
large, you divide this number by ten, 
partly because you do not want to ex- 
pose the general population to as much 
risk, however low, as radiation workers 
are exposed to, but more importantly 
because there is evidence to indicate 
that children are more sensitive to radi- 
ation than adults, and, in any case, they 
have more time prior to parenthood to 
accumulate a_ genetically significant 
dose. All of this, much simplified, is 
how the guides seems to be set, and 
why the scientists who set them seem 
to be concerned lest they be misinter- 
preted as absolute limits which must 
under no circumstances be exceeded. 


Problem of Research 


Nearly everyone who appeared be- 
fore the committee had some sugges- 
tions for further research. The difficulty 
was that while everyone agreed that he 
would like to have more precise infor- 
mation on the risks involved at various 
levels of exposure, it was also agreed 
that most of the desired information 


could be obtained only through ex- 
tremely elaborate statistical studies 
which tend to be expensive and, unless 
carried out with great care and com- 
petence, of questionable value. The 
reference to expense, it was made clear, 
was not meant to be merely in terms of 
dollars, but also in terms of making the 
best use of the limited scientific talent 
available for this work. 

The difficulty, it was pointed out, is 
that if you are looking for an effect 
that is probably going to show up only 
a few times in a million cases, you ob- 
viously must work with very large num- 
bers merely to bring your probable 
error down below the level of your ex- 
pected deviation. The committee was 
told, for example, that the U.N. team 
studying the genetic effects of the high 
level of natural radioactivity in Kerala, 
India, is doubtful whether they will 
come up with any clear statistical evi- 
dence of an increase in the mutation 
rate, despite the fact that they are work- 
ing with a sample of 80,000 people 
whose ancestors for many generations 


The Joint Committee on Atomic Energy usually holds its hearings in the Old Supreme Court Chamber in the Capitol. This photo- 
graph was taken during the earlier hearings on nuclear warfare. 
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have been exposed to a level of radia- 
tion of about 10 times as high as the 
rest of the race. 

It was repeatedly pointed out that, 
contrary to a widespread feeling among 
the public, there is nothing unique 
about the effects of radioactivity. All of 
the diseases and the genetic effects 
known to be associated with radiation 
are also known or suspected to be 
caused by natural and by man-made 
contaminants as well. There is no way 
to tell whether any specific case of leu- 
kemia, for example, was caused by radi- 
ation. You can only try to find a mean- 
ingful correlation between exposure to 
radiation and some statistical increase 
in the effect. 

Those difficulties put the scientists 
working in this field in an awkward 
position. There seems to be a substan- 
tial segment of opinion that assumes 
that because one group of scientists can 
tell you what the temperature is on a 
star billions of miles away that the 
biologists must not be doing their job 
very well if they can’t tell you exactly 
how many cases of X diseases are going 
to result from Y amount of radiation 
absorbed over a 20- or 30-year period. 


Federal Radiation Council 


The organization officially charged 
with formulating a national policy on 
radiation is the Federal Radiation 
Council, but the hearings made it clear 
the FRC, now a year old, has yet to 
assume any really significant function. 
Its membership currently consists of the 
Secretaries of Labor, Commerce, and 
Defense, the chairman of the Atomic 
Energy Commission, and the Secretary 
of Health, Education and Welfare. But 
its permanent full-time staff consists of 
the executive secretary, and the secre 
tary to the executive secretary. Ad hoc 
committees are named to study the 
problems that come before the council. 

Its principal accomplishment to date 
has been to replace the term Maximum 
Permissible Dose with the term Radia- 
tion Protection Guide. The change is 
not as trivial as it may seem and may 
turn out to be very useful. The older 
term was unfortunate both because 
“maximum” suggested a limit that could 
never be exceeded without getting into 
an area of gross danger and because 
“permissible” suggested that there was 
no need to pay much attention to radi- 
ation below the “permissible” level. In 
fact, it was agreed both that radiation 
exposure should be kept as far below 
the permissible levels as possible and, 


10 JUNE 1960 


at the same time, that if circumstances 
demanded, an _ individual could be 
exposed to considerably more than the 
maximum level without exposing him 
to any more danger than is encountered 
much more frequently and with much 
less concern in other fields of work. 

Beyond this change in terms the 
council has yet to do much of signifi- 
cance. It has prepared a directive, which 
was issued last month over the signature 
of the President, setting standards for 
the various government agencies to use. 
But the standards are essentially identi- 
cal with those issued by the National 
Committee on Radiation Protection. 
These NCRP standards were already 
accepted by the AEC, the Defense De- 
partment, and other agencies. The FRC 
directive merely serves to make them 
official rather than semiofficial. It ap- 
peared, in fact, that the FRC was 
formed partly out of a general feeling 
that the government ought to “do 
something” about a problem that was of 
general concern, and partly to resolve a 
jurisdictional dispute over who should 
set national policy between the AEC, 
which has most of the experience, and 
the Public Health Service, which feels 
it should have the responsibility. A need 
was also felt for separating the responsi- 
bility for promoting the use of atomic 
energy from the responsibility of pre- 
venting any development that might 
lead to unwarranted hazards. At pres- 
ent both functions are largely in the 
hands of the AEC. 

The Joint Committee was dissatisfied 
with the FRC’s present situation, and 
suggested a number of things the coun- 
cil could do to make itself more useful. 
The committee wanted the FRC to 
formulate clearer answers than it now 
appears to have to the questions of: 
who has the actual responsibility for 
determining whether any proposed in- 
creased use of radioactive materials, in- 
cluding anything planned by the De- 
fense Department, will lead to benefits 
commensurate with the rise in radiation 
levels that may result, and what criteria 
are going to be used to make these 
decisions? The committee also seemed 
to feel that if, as it now appears, the 
principal function of the FRC is to re- 
assure the public that its interest and 
well-being are being looked after, that 
its usefulness would be increased by in- 
cluding representatives of labor, man- 
agement, and other public interests on 
the council. 

Yet despite the questions raised, the 
general effect of the testimony was reas- 


suring. Even most of the uncertainties, 
it was clear, were reflections of the pre- 
cautions being taken to prevent radia- 
tion from developing into a major haz- 
ard rather than indications of danger. 
Much more is known, the committee 
was told, about the hazards of radia- 
tion than about any number of other 
sources of contamination produced by 
modern society, and much stricter steps 
are being taken to control the hazard. 





Food Additives Law Nears Passage 


The House Commerce Committee 
has approved legislation that includes 
the “Delaney clause ” flatly barring the 
use in foods or cosmetics of any color- 
ing matter that can produce cancer in 
man or experimental animals. The bill is 
expected to pass the House without dif- 
ficulty, if only because it would take a 
very brave legislator to take a position 
in an election year that could be inter- 
preted by his home district opponents 
as a vote in favor of cancer. A Senate 
color additives bill went through with- 
out the Delaney clause, and the issue 
will have to be settled in conference. 

The issue has been a controversial 
one, even within the Administration. 
The Department of Health, Education, 
and Welfare has favored the clause on 
the grounds that the existence of a 
threshold dose for cancer-producing 
substances has not been demonstrated, 
and the benefits derived from the use 
of these color additives are not sufficient 
to justify running even a very small 
risk. The President’s Science Advisory 
Committee, though, has come out for 
allowing some discretion in deciding 
whether a substance should be allowed, 
on the grounds that the Delaney clause 
could lead in some cases to costly re- 
strictions without adding more than 
negligibly to the public protection. 


New Policy on Grants to Colleges 


Beginning this summer the National 
Science Foundation, the principal gov- 
ernment source of support for basic 
research, will give colleges unrestricted 
grants amounting to 5 percent of their 
project grants during the past: year. 

The total amount of money involved, 
less than $3 million nationwide, is not 
large, but these “institutional grants” 
are viewed as an important step away 
from the policy of tying all grants 
to specific, preapproved projects. 
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New Society Directory 
Being Compiled by Academy 


The National Academy of Sciences— 
National Research Council has an- 
nounced that the seventh edition of 
Scientific and Technical Societies of the 
United States and Canada is now being 
compiled. The sixth edition was pub- 
lished in 1955. 

Questionnaires have been mailed to 
approximately 2000 societies, and pub- 
lication of the directory is scheduled 
for late 1960 or early 1961. This, like 
earlier editions, will represent a joint 
effort of the United States’ National 
Academy of Sciences—National Re- 
search Council and the National Re- 
search Council of Canada. 

Coverage in the directory will be 
limited to national and local profes- 
sional membership organizations. Trade 
associations and institutions composed 
principally of paid staffs will not be 
included. 

United States societies wishing to be 
included in the directory are asked to 
notify the Librarian of the National 
Academy of Sciences—National Re- 
search Council, 2101 Constitution Ave., 
NW, Washington 25, D.C. Canadian 
societies should contact Mr. Robert A. 
Lay, Public Relations Office, National 
Research Council, Ottawa 2, Ontario. 
The final acceptance date for informa- 
tion about a society is 15 July. 


Foundation Surveys 
American Scientists 


Last month about 250,000 scientists 
began reporting professional and eco- 
nomic data about themselves for the 
National Science Foundation’s 1960 
National Register of Scientific and 
Technical Personnel. Simultaneously, 
the foundation released data compiled 
from registration figures for 1956-58. 

The median annual salary of U.S. 
scientists in 1956-58 was $7900. The 
1958 National Register survey shows 
that scientists in chemical engineering 
and the medical sciences had the high- 
est median salary (over $10,000), while 
those in the agricultural and biological 
sciences had the lowest, with median 
salaries below $7000. 

About 137,000 full-time employed 
scientists reported in 1956-58. Almost 
half were in private industry or were 
self-employed, 28 percent were em- 
ployed by educational institutions, and 
14 percent were civilian employees of 
the federal government. 
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The median age of scientists report- 
ing in 1958 was 38 years. About half 
were engaged in research and develop- 
ment activities and 16 percent in teach- 
ing. 

Those in management or adminis- 
tration had the highest median salary 
($11,000), those in teaching the lowest 
($6500). 

Eight national scientific societies are 
cooperating with the National Science 
Foundation in the registration of 
scientists—the American Chemical So- 
ciety, American Geological Institute, 
American Institute of Biological Sci- 
ences, American Institute of Physics, 
American Mathematical Society, Amer- 
ican Meteorological Society, American 
Psychological Association, and Federa- 
tion of American Societies for Experi- 
mental Biology. It is hoped that scien- 
tists who do not receive questionnaires 
will contact the scientific society most 
appropriate to their specialties, so that 
they may be included in the National 
Register. 


News Briefs 


AMSOC Albatross Award. The third 
Albatross Award of the American Mis- 
cellaneous Society will be made in 
Helsinki, Finland, while the Internation- 
al Union of Geodesy and Geophysics is 
in session, 26 July to 6 August. The 
award consists of a stuffed, mature Lay- 
san albatross (Diomedea immutabilis) 
with the names of the winners inscribed 
on the mounting base. It is given for the 
most unusual contribution to oceanog- 
raphy. The second Albatross Award was 
presented to Walter Munk at the Inter- 
national Oceanographic Congress held 
in New York in August 1959. The 
winner may keep the Albatross only 
until the next recipient is chosen. An- 
nouncement of the third award will be 
made in Helsinki. 


Religion and science. The Institute 
on Religion in An Age of Science will 
hold its 7th annual conference at Star 
Island, N.H., 30 July-6 August. The 
theme of this year’s conference is “To- 
ward An Integration of Religion and 
Psychological Concepts on Man.” In- 
vited addresses will be given by David 
Bakan, Ralph Burhoe, L. K. Frank, 
O. H. Mowrer, Gene Nameche, Ira 
Progoff, and Joseph R. Royce. In addi- 
tion, institute members A. G. Hunts- 
man, Harlow Shapley, Huston Smith 
and others will participate as seminar 


and discussion leaders. Burhoe and 
Royce are serving as co-chairmen of 
this year’s conference, with assistance 
from W. H. Clark. For information 
write to Ralph Burhoe, Executive Of- 
ficer, American Academy of Arts and 
Sciences, 280 Newton St., Brookline 
46, Mass. 


Biophysics training. A recent survey 
of biophysics training programs in the 
United States and Canada showed that 
at least 51 institutions have such a 
program and that five others expect to 
initiate programs in the near future. 
Thirty-two of the institutions reporting 
offer advanced degrees in biophysics, 
28 at the doctoral level. Thirteen medi- 
cal schools now offer some instruction 
in biophysics to medical students. The 
survey was conducted by Norman A. 
Coulter, Jr., of Ohio State University. 


te 


Engineering at Purdue. Purdue Uni- 
versity has announced the merger of 
the Division of Engineering Sciences 
and the School of Aeronautical Engi- 
neering to form a new school to be 
known as the School of Aeronautical 
and Engineering Sciences, effective 1 
July. An Aero-Space Sciences Labora- 
tory has been established for graduate 
research. Harold M. DeGroff will be 
head of the new school and director 
of the laboratory. E. A. Trabant, head 
of the Division of Engineering Sciences, 
had previously resigned to become dean 
of engineering at the University of 
Buffalo. 


Scientists in the News 


W. O. Reinhardt, professor of anat- 
omy and head of the department at 
the University of California School of 
Medicine in San Francisco, is the first 
recipient of the Alan Gregg travel fel- 
lowship in medical education of the 
China Medical Board of New York, 
Inc. Reinhardt plans to spend 9 months 
in the Far East, accompanied by his 
family, beginning early next year. Most 
of his study will be conducted in the 
department of anatomy at Kyoto Uni- 
versity Medical School in Japan. The 
Gregg fellowship was established last 
fall to honor the memory of Alan 
Gregg, a world-famous leader in medi- 
cal education until his death in 1957. 


The U.S. Department of Agriculture 
has presented Distinguished Service 
Awards to seven employes for out- 
standing achievements in research and 
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administration: Henry L. Ahlgren, di- 
rector, Wisconsin Extension Service; 
Edward C. Crafts, assistant chief, 
Forest Service; Gladys G. Gallup, di- 
rector, Extension Research and Train- 
ing; Herbert L. J. Haller, assistant to 
the administrator, Agricultural Re- 
search Service; Edward F. Knipling, 
director, Entomology Research Divi- 
sion; William D. Termohlen, retired 
agricultural attaché to Japan; and 
Harry C. Trelogan, assistant adminis- 
trator of the Agricultural Marketing 
Service. 


R. Earl Storie will retire on 1 July 
after 39% years of service with the 
University of California. He is profes- 
sor of soils and plant nutrition and soil 
technologist in the California Agricul- 
tural Experiment Station. He is chair- 
man of the California Soil Correlation 
Committee and consultant in the Cali- 
fornia Soil-Vegetation Survey. Storie 
is known as the originator of the Storie- 
Index for rating soils and of other land- 
classification techniques which are ex- 
tensively used in this country and 
abroad. 


General Matthew B. Ridgway has re- 
tired as chairman and chief executive 
officer of the Mellon Institute, Pitts- 
burgh. Paul Mellon was elected chair- 
man to succeed Ridgway; the latter 
was re-elected a trustee and will serve 
as a consultant to the institute. 


R. B. Woodward, a leader in the 
laboratory synthesis of complex chemi- 
cal substances, will become the Don- 
ner professor of science at Harvard 
University on 1 July. Woodward has 
carried on his research and teaching at 
Harvard since 1937, and since 1953 has 
been Morris Loeb professor of chemis- 
try. 


Murray M. Copeland has resigned 
as professor of oncology at George- 
town University Medical School (Wash- 
ington, D.C.) to go to the University 
of Texas’ M. D. Anderson Hospital 
and Tumor Institute at the Texas Medi- 
cal Center, Houston, where he will be- 
come assistant director for education, 
effective 1 July. 


Truman G. Blocker, Jr., will become 
chairman of the department of surgery 
of the University of Texas Medical 
Branch, Galveston, on 1 July, when he 
succeeds Robert M. Moore, who is 
resigning as chairman in order to re- 
duce his administrative responsibilities. 
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Virgil Boekelheide, professor of 
chemistry at the University of Roches- 
ter, has been appointed professor of 
chemistry, University of Oregon, Eu- 
gene, effective 1 June. 


Two members of the Faculty of Pub- 
lic Health at Harvard University, 
Martha M. Eliot and Bertha S. Burke, 
will retire on 1 July. Dr. Eliot will be- 
come professor emeritus of maternal 
and child health and Mrs. Burke will 
become professor emeritus of maternal 
and child nutrition. The two scientists 
are the third and fourth women to be 
so honored by the university. 


Halsted R. Holman has been named 
Guggenhime professor and executive of 
the department of medicine at Stanford 
University School of Medicine, effective 
1 July. Holman, the first appointee to 
the new professorship, is now on the 
staff of the Rockefeller Institute for 
Medical Research in New York. 

He succeeds David A. Rytand, 
Bloomfield professor of medicine, as 
head of the department. Rytand has 
been departmental executive since 1954 
but asked to be relieved of his ad- 
ministrative duties 2 years ago. He re- 
mains on the faculty as Bloomfield 
professor. 


Saul Krugman, associate professor 
of pediatrics at New York University 
Medical Center, has been appointed 
professor and chairman of the depart- 
ment of pediatrics at the center, ef- 
fective 1 July. He succeeds L. Emmett 
Holt, Jr., who is retiring to devote full 
time to his research activities within 
the department. 


Herbert E. Warden of Minneapolis, 
Minn., has been appointed associate 
professor of surgery at West Virginia 
University, effective 1 July. A heart 
surgeon and medical research scien- 
tist, Warden is the first appointee to 
the staff of Bernard Zimmermann, who 
recently was named professor of sur- 
gery. 


Gerald Litwack, formerly associate 
professor of biochemistry at Rutgers 
University, has assumed the positions 
of director of biochemistry, Division of 
Cardiology, Philadelphia General Hos- 
pital, and research associate professor 
of biochemistry in medicine of the 
Graduate School of Medicine, Univer- 
sity of Pennsylvania. He also has been 
named an honorary professor at Rut- 
gers University. 


Lawrence I. Miller has received the 
J. Shelton Horsley Research Award of 
the Virginia Academy of Science. Mil- 
ler, who is professor of plant pathology 
at Virginia Polytechnic [astitute, was 
honored for his paper on “The In- 
fluence of Soil Components on the Sur- 
vival and Development of the Sting 
Nematode.” 


Harold V. Anderson, who has taught 
chemistry at Lehigh University for 42 
years, will retire on 30 June. 


James A. Luker, professor of chemi- 
cal engineering at Syracuse University, 
has been appointed chairman of the 
chemical engineering department in the 
university’s College of Engineering. 


Harold P. Stephenson, associate pro- 
fessor of mechanical engineering at 
Duke University, has been appointed 
chairman of the department of phys- 
ics, Pfeiffer College, Misenheimer, 
N.C. He will assume his new duties 
on 1 September. 


Recent Deaths 


Edgar B. Burchell, Larchmont, N.Y.; 
88; retired bacteriologist and serologist 
at the New York Eye and Ear Hospital 
who for 30 years taught anatomy and 
bacteriology at the New York Uni- 
versity School of Medicine; known for 
his study of the seventh (facial) nerve 
and for his work in the preparation of 
specimens, particularly those showing 
the structure of the ear; 19 May. 

Merrill K. Lindsay, New Haven, 
Conn.; 75; retired professor of orthc- 
pedic surgery at Yale University; 24 
May. 

Hajime Masamune, Japan; 74; out- 
standing Japanese worker on mucopoly- 
saccharides; professor of medical chem- 
istry at the Medical School of Tohoku 
University from 1942 until his retire- 
ment in March 1959; professor of bio- 
chemistry at Hokkaido University, 
1934-42; 19 Oct. 1959. 

Dudley J. Morton, New York, N.Y.; 
76; orthopedic surgeon and authority 
on the evolutionary development of the 
human foot and of erect posture and 
human locomotion; in 1924 was ap- 
pointed associate professor of anatomy 
in the College of Physicians and Sur- 
geons at Columbia University, where 
he served until 1944; charter member, 
secretary and treasurer of the Associa- 
tion of Physical Anthropologists; 22 
May. 


1725 











Book Reviews 


A History of Greek Fire and Gun- 
powder. J. R. Partington. Heffer, 
Cambridge, England, 1960. xvi + 
381 pp. Illus. + plates. 70s. 


The history of Greek fire and gun- 
powder is one of the few subjects in the 
history of chemistry and technology in 
which many people are interested, yet 
it is particularly here that much mis- 
information has strangely persisted. Not 
so long ago, even such an outstanding 
historian and explosives expert as Ten- 
ney L. Davis published some analyses, 
carried out to the second decimal point, 
of gunpowder identified as “8th cen- 
tury, Marcus Graecus,” and he re- 
mained quite undecided about Ber- 
thold Schwarz. Now that we have 
Partington’s great work, misinformation 
should rapidly disappear and indecision 
should be left to those questions which 
still remain open. 

Partington develops the story from 
the sources, and the difficulties in under- 
standing these sources may explain the 
history of errors in the field. Some of 
the difficulties are in the translation of 
the old documents. Partington cites sec- 
tions from them in the original lan- 
guages, including Greek, Latin, French, 
German, and Spanish. For example, the 
Chinese word huo p’ao was often trans- 
lated as “cannon,” even in translating 
documents dating back to a time before 
the word acquired that meaning. M. 
Berthelot once translated a word that 
may have meant “impure potash from 
burnt barley straw,” as “barley.” Arabic 
bundiiq gradually changed its meaning, 
in time, from “hazelnut” to “firearm.” 
Translating old documents is difficult, 
and even Partington errs at one point. 
He discusses names of guns and men- 
tions Dulle Griete in Ghent (1382) 
with the aside “(griete = great)” (page 
128). Actually, however, Griete is 
Grete (Peggy or Maggy). A few pages 
before, Partington cites Christine of 
Pisa (1363-1431) as saying that guns 
were usually given female names, for 
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example, Garite = Margaret! Naturally 
such a minor slip is here mentioned in 
the spirit in which Horace complained 
that sometimes Homer slept. 

Together with the meaning of single 
words, the general attitude of the old 
authors has to be considered. Fire and 
explosion were terrifying experiences, 
easily exaggerated into fabulous tales. 
Chinese reports of 1345 describe the 
siege of a city in 1277 when the dis- 
charge of a cannon made the walls 
crumble and the 250 defenders disap- 
pear “without a trace,” while the soldiers 
outside the city died of fright (page 244 
ff). An accidental explosion under 
Akbar in 1367 hurled the bodies “miles 
away” (page 220). 

In some instances, uncertainty about 
dates has to be added to all these dif- 
ficulties. This is particularly true for 
ithe Book of Fires of Markus the 
Greek which Partington discusses in 
the second chapter, after “Incendiaries 
in warfare.” This Markus is shown to 
be “a purely imaginary person” (page 
40). The real author of the book was a 
Jew or a Spaniard, of the 12th or 13th 
century, who combined old and “new” 
information, that on gunpowder being 
the newest of all. 

“The legend of Black Berthold” 
(chapter 3) had already been exposed 
by G. Kohler in 1887 and by M. 
Berthelot in 1891. Yet records of the 
15th century treat him as a real person, 
a Dane or a Greek; an imaginative, 
15th-century picture of him hangs in 
the Uffizi Museum in Florence, and a 
monument erected to him in Freiburg 
(Baden) claims him for Germany. 
Partington is rightly critical of those 
German military historians—for ex- 
ample, Berthold Rathgen (1847-1927) 
—who allowed national prejudice to 
influence their otherwise scholarly work. 

“Now that the ghost of Berthold 
Schwarz had been laid and the record 
of 1313 for Ghent and, as will be seen 
presently, one of 1324 for Metz, re- 
moved as forgeries, we are left in sus- 


pense” (page 96). We are left with 
1326 as the date for the earliest gun; 
this gun is shown in a manuscript by 
Walter de Milemete at Christ Church, 
Oxford, and is reproduced here as the 
frontispiece. A few guns were used by 
the English in the famous battle of 
Crecy (1346), but the noise was per- 
haps more effective than the shot (page 
105). From then on, reliable reports 
about guns become more frequent, 
although other reports are quite doubt- 
ful. Chapters 4 and 5 abound in details 
on firearms and gunpowder. The mili- 
tary history of the Crusades and the 
sieges of Constantinople and Nikopolis 
are fully discussed. A fine description 
of gun casting from Kristoboulos, 
“1467 or later,” is given (page 125 ff). 

The long description of what has been 
reported and argued concerning pyro- 
technics and firearms in China (chap- 
ter 6) concludes with first dates of 
about 900 for saltpeter, 1044 for a 
“proto-gunpowder,” and true gun- 
powder only when it was also known 
in the West. That gunpowder was used 
“in different parts of the world” was 
stated by Roger Bacon in his Opus 
Tertium, 1266-68 (page 77). 

One of the crucial points is to know 
when the words in the old texts really 
mean saltpeter. Partington discusses 
this in several places and devotes the 
final chapter to the discovery and man- 
ufacture of saltpeter. Since some of the 
ancient words interpreted as saltpeter 
also signify alkali (soda), an excursion 
on soap is included. “A satisfactory 
history of soap has still to be written” 
(page 309). The text ends with a com- 
pilation on compositions of gunpowder. 
The work of Berthollet and Berthelot 
is mentioned, but the several inter- 
mediate investigations—for example, by 
Proust shortly after Berthollet and by 
Bunsen before Berthelot—are missing. 

The scholarly apparatus is impressive. 
Of the more than 1700 notes, some are 
quite extensive. The four indexes will 
help the reader to find his way through 
the complex story. Such a guide is nec- 
essary, because Partington has not al- 
ways hewn a straight path through the 
jungle. Sometimes he retraces his steps 
or changes the focus on time. Yet, a 
careful reading of his book will be 
highly rewarding in many respects. All 
historians, not only those of chemistry 
and technology, will need it, and the 
general reader can find much to cap- 
ture his interest. A lot of incidental 
information is presented, such as that 
on shrapnel—named after its inventor, 
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Lieutenant Henry Shrapnel, R.A., in 
1784 (page 166)—or on the amazing 
predictions by Roger Bacon (page 72) 
and Giovanni da Fontana (page 160 ff). 
A particular joy are the general remarks 
with which the book is_ liberally 
sprinkled: on scholasticism (page 64) 
or on governments and history (page 
187). 

This rich and many-dimensional 
book is a highly valuable addition to 
Partington’s outstanding historical work. 

EDUARD FARBER 
4530 Brandywine Street, NW, 
Washington, D.C. 


Metallurgical Society Conferences. vol. 
1, Flat Rolled Products. Rolling and 
treatment. T. E. Dancy and E. L. 
Robinson, Eds. xix + 128 pp. Illus. 
$3.75. vol. 2, Reactive Metals. W. R. 
Clough, Ed. xiv + 610 pp. Illus. 
$15. vol. 3, Quality Requirements oj 
Super-Duty Steels. R. W. Lindsay, 
Ed. x + 309 pp. $8.50. vol. 4, Phys- 
ical Metallurgy of Stress Corrosion 
Fracture. Thor N. Rhodin, Ed. xiii 
+ 394 pp. Illus. $13. Interscience, 
New York, 1959. 


Under the series title, Metallurgical 
Society Conferences, proceedings of 
technical conferences sponsored by the 
Metallurgial Society of the American 
Institute of Mining, Metallurgical and 
Petroleum Engineers are being pub- 
lished by Interscience Publishers. The 
first four volumes include: volume 1, 
Flat Rolled Products; volume 2, Re- 
active Metals; volume 3, Quality Re- 
quirements of Super-Duty Steels; and 
volume 4, Physical Metallurgy of 
Stress Corrosion Fracture. Additional 
volumes on recent and forthcoming 
conferences are scheduled for publica- 
tion and the continuing series will 
cover the entire spectrum of metal- 
lurgy. Publication of the conference 
volumes serves to preserve and make 
widely available the scientific and tech- 
nical information presented at the con- 
ferences. 

The first volume contains four papers 
on rolling and annealing of steel, to- 
gether with discussion of the papers 
and a panel discussion on the surface 
texture of flat rolled products; this is 
the proceedings of a conference-sym- 
posium held at Chicago, Ill., on 21 
January 1959. The applied technical 
information presented at the confer- 
ence and recorded in volume 1 is avail- 
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able in no other publication and will 
be of interest to anyone concerned 
with flat rolling of steel. 

Volume 2 is the proceedings of the 
third Reactive Metals Conference, helt 
at Buffalo, N.Y., 27-29 May 1958. 
Thirty-seven papers and the discussions 
that followed are presented. The topics 
cover a wide range of subjects on 11 
reactive metals and the special process- 
ing techniques necessary for these un- 
usual metals. Engineers concerned with 
nuclear reactor materials; moderately 
high-temperature, light-weight — struc- 
tures; and very high temperature struc- 
tures will find the material in volume 
2 useful in their work. 

The proceedings of a technical con- 
ference on quality requirements of 
super-duty steels, held in Pittsburgh, 
Pa., 5-6 May 1958, are recorded in 
volume 3. Steels to meet special service 
requirements, such as_ very high 
strength, high temperature, or low 
temperature are considered. Four pa- 
pers were presented in sessions on each 
of the following general topics: en- 
vironment of use and required proper- 
ties; relationship between composition 
structure and properties; air melting 
practices; special steelmaking practices. 
Volume 3 contains information helpful 
to both the producer-metallurgist and 
the consumer-metallurgist in under- 
standing each other’s quality require- 
ments. 

A symposium on the physical metal- 
lurgy of stress corrosion fracture was 
held at Pittsburgh, Pa., in April 1959; 
and the proceedings were published as 
volume 4 of this series. This volume 
contains 16 papers by well known 
workers in the stress corrosion field. It 
will be a welcome addition to the li- 
brary of all those concerned with stress- 
corrosion. 

O. CUTLER SHEPARD 
Department of Metallurgical 
Engineering, Stanford University 


Shots without Guns. The story of vac- 
cination. Sarah R. Riedman. Rand 
McNally, Chicago, IIl., 1960. 232 pp. 
Illus. $3.50. 


Man’s war against his unseen ene- 
mies makes no less exciting reading 
than his battles against visible foes, 
especially when told by an author who 
combines insight into the scientific and 
human aspects of the fight against dis- 
ease with a sense for the drama in- 





volved in the adventures of the giants 
who waged this fight. Whether the in- 
quiring Jenner, the genial Pasteur, the 
meticulous Koch, the imaginative Ehr- 
lich, or the cautious Salk is pictured, 
the portraits are always impressive and 
lively. While we are fascinated by the 
life history of the heroes who con- 
quered ignorance and disease, we re- 
fresh our memory or learn new aspects 
of bacteriology, virology, and immu- 
nology. 

FRANCIS JOSEPH WEISS 
Arlington, Virginia 


Anatomy of Seed Plants. Katherine 
Esau. Wiley, New York, 1960. viii 
+ 376 pp. Illus. $6.95. 


Katherine Esau is a plant anatomist 
of distinction, with a particular inter- 
est in the developmental anatomy of 
flowering plants. In 1953 her well- 
known Plant Anatomy, a book of 735 
pages, was issued by John Wiley and 
Sons. The present briefer text is very 
welcome, for the older book, with all 
its many virtues, feli short, owing to 
sheer volume, of being an ideal text 
for a one-semester course. The present 
text is not a condensation of the older 
book but has been entirely rewritten, 
and fewer than 20 percent of the illus- 
trations are from Plant Anatomy. The 
nature and sequence of the topics, after 
two short introductory chapters on the 
embryo and the development of the 
adult plant from the embryo, do not 
differ radically from those of the Anat- 
omy: histology of tissues; primary and 
secondary growth in root and stem; the 
leaf, flower, fruit, and seed. The empha- 
sis, wherever possible, is on develop- 
ment. The photomicrographs used as 
illustrations are scattered through the 
text instead of being concentrated at 
the end, as in the Anatomy. In general, 
the illustrations are of the high quality 
we have come to expect from Katherine 
Esau, but a few are too greatly re- 
duced, and one plate of photomicro- 
graphs is poorly reproduced. The stu- 
dent who judges from the size of this 
relatively slender volume that his pow- 
ers will not be taxed unduly will be 
badly deceived, for this is a tight, close- 
ly written book, into which the author 
has packed an astonishingly large mass 
of information. Among the innovations 
are a key to the microscopic identifica- 
tion of certain woods and a very exten- 
sive and useful glossary. 





1727 


This is a book of high quality, 
scholarly and accurate. Few plant anat- 
omists today could have prepared a 
volume of this general excellence, and 
Katherine Esau has earned the grati- 
tude of her fellow teachers for pro- 
viding them with an outstanding text 
in a field so basic and so necessary to 
other disciplines. 

C. L. WiLson 
Department of Botany, 
Dartmouth College 


Beaches and Coasts. Cuchlaine A. M. 
King. Arnold, London; St Martin’s 
Press, New York, 1959. xii + 403 
pp. Illus. $14.50. 


The intersection at the shoreline of 
land, sea, and air brings into dynamic 
interplay a wide variety of physical, 
chemical, and biological factors which 
produce an environment of remarkable 
diversity and great stress. Its charac- 
teristics as a joint boundary zone be- 
tween the three major realms of the 
earth have given the shoreline an im- 
portance in terrestrial evolution and 
human affairs far out of proportion to 
its insignificant areal extent and have 
stirred the minds, the emotions, and 
the pens of men as few natural phenom- 
ena have. 

It is principally in the last few dec- 
ades, however, that interest has been 
focused on the mathematical descrip- 
tion and experimental replication of the 
purely physical processes that shape 
and move the materials of which the 
shore is made. Beaches and Coasts is 
a valiant attempt to summarize this 
work, integrate it with field observa- 
tions, and produce a modern synthesis 
of coastal processes and evolution. 
More than a third of the book is con- 
cerned with waves and wave action, 
but chapters are also devoted to the 
main variables affecting the beach, 
methods of study, wind, the movement 
of material, beach gradient and pro- 
files, and the classification and develop- 
ment of coastal types. Documentation 
is drawn mainly from recent British 
and American publications, and from 
the North Sea and Channel coasts. 

In view of the large volume of 
useful information which the author 
has assembled and condensed, it seems 
a pity that she did not take the addi- 
tional steps necessary to achieve the 
logical cohesiveness and critical bal- 
ance one has come to expect of British 
scientific books. The individual chap- 
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ters in Beaches and Coasts are essen- 
tially independent essay reviews, each 
interesting and useful in its own right, 
but with very little interconnection. 
The disjointed effect is increased by a 
haphazard sequence of chapters, each 
having an independent list of refer- 
ences. Some subjects are repeatedly 
reintroduced (for example, the 1953 
North Sea storm surge), while others 
that one might expect to find exam- 
ined in such a book are left out or 
are only superficially treated (for ex- 


ample, biological processes, climatic 
variation, applications). 
Taken separately, however, these 


chapters provide a useful introduction 
to the subjects considered. With few 
exceptions (for example, amphidromic 
systems), theoretical concepts and ex- 
perimental data seem to be accurately 
grasped and are understandably pre- 
sented. Much interesting observational 
information is also summarized, es- 
pecially with regard to wave evolution, 
depth of wave action, and movement of 
sediments. The importance of onshore 
movement of sediments and coastal ac- 
cretion is stressed and is backed up 
with some surprising statistics—the 
British Isles are reported to be gain- 
ing area from coastal accretion six 
times as fast as they are losing it by 
coastal erosion. 

PRESTON E. CLoup, JR. 
U.S. Geological Survey, 
Washington, D.C. 


The Face of the Ancient Orient. A 
panorama of Near Eastern civiliza- 
tions in pre-classical times. Sabatino 
Moscati. Quadrangle Books, Chicago, 
Iil., 1960 (published in Italy as Il 
Profilo Dell’Oriente Mediterraneo). 
xvi + 328 pp. Plates. 


For well over a century now, ar- 
cheologists have been excavating an- 
cient cities and towns, temples and 
palaces, houses and tombs, all over the 
Near East from Egypt to India and 
from the Caspian Sea to the Persian 
Gulf. They have uncovered innumer- 
able artifacts and art objects made of 
stone, metal, and wood, as well as 
myriad inscriptions on clay, stone, 
papyrus, and metal. This enormous 
treasure of archeological and epigraphic 
material has been made available pri- 
marily in the form of specialized and 
technical monographs, reports, and arti- 
cles which have accumulated over the 
decades to ominous proportions. Only 


rarely have more general studies and 
evaluations of this conglomerate mass 
of archeological sources been at- 
tempted, and these usually have taken 
the form of political and cultural his- 
tories of one or another of the redis- 
covered and resurrected peoples of the 
Ancient Near East. More recently, how- 
ever, a number of scholars and human- 
ists, taking their cue from the physical 
sciences and their current high pres- 
tige, have begun thinking and writing 
of “organic wholes” and universal laws 
in history and culture, even utilizing at 
times the language and terminology of 
the physical sciences. The book under 
review reflects this recent, and in some 
ways not unpromising, approach as it 
is being applied to the history and 
culture of the Ancient Orient. 

The physical science that seems to 
have a special attraction for Moscati is 
chemistry, and so we find the book di- 
vided into sections labeled “The com- 
ponents,” “The catalysts,” and “The 
synthesis.” The reader should not be 
discouraged or misled by this rather 
superficial chemical “facade”; actually 
Moscati organizes the relevant histori- 
cal, literary, and cultural data with 
considerable skill, and presents it in 
“orthodox” scholarly language with all 
its virtues and defects. After an intro- 
ductory chapter outlining the area and 
the time to be covered, the book pro- 
ceeds to delineate briefly and eclectical- 
ly the history, religion, literature, and 
art of all the more important peoples 
of the Ancient Orient: Sumerians, 
Babylonians and Assyrians, Egyptians, 
Hittites and Hurrians, Canaanites and 
Aramaeans, Israel, and Persians. The 
closing chapter, to be sure, introduces 
once again scraps of “scientific” termi- 
nology, such as isoid, reagents, com- 
ponent elements, catalyst, and com- 
pound. But the title of the chapter, 
“The face of the Ancient Orient” 
sounds more like alchemy than chem- 
istry, and the conclusions it presents are 
no more precise, accurate, or valid than 
those found in historical works that 
“stick” to the customary humanistic 
diction with its “built-in” vagaries and 
shortcomings. 

Psychologically speaking, there are 
two contrasting types of scholars: the 
specialist who digs an inch wide and a 
mile deep, and the generalizer who digs 
a mile wide and an inch deep; both are 
indispensable to creative scholarship, 
and the two are equally pleasing in the 
eyes of Jahweh. Moscati combines to 
some extent the virtues of both types, 
but his heart, head, and hand are with 
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the second. In preparing his broad 
panoramic book, The Face of the An- 
cient Orient, he necessarily had to re- 
sort to secondary sources for most of 
his data; so a rather narrow Sumerolo- 
gist like myself, when reading his chap- 
ter on the Sumerians, cannot help being 
pained and depressed by some of his 
oversimplifications, misunderstandings, 
and quotations from outdated and un- 
trustworthy translations. By and large, 
however, this book presents a lucid, 
intelligent, and lively summation of 
some of the more important aspects of 
the culture of the Ancient Orient, and 
I recommend it warmly for use in 
schools and colleges, and for the cul- 
turally minded layman, as an appetizing 
and stimulating introduction to the 
study of man’s early civilizations. 
SAMUEL NoAH KRAMER 
University Museum, 
University of Pennsylvania 


Sinopsis de la flora chilena, claves para 
la identificacion de familias y generos. 
Carlos Mufioz Pizarro. Ediciones de 
la Universidad de Chile, Santiago, 
1959. 840 pp. Illus. Paper, $14. 


The flora of Chile is a key piece, and 
usually a missing one, in attempted 
comparisons of the plant life of the 
temperate Americas or in any analysis 
of the vegetation of the isolated por- 
tions of the southern temperate zone. 
It may come as a surprise to those who 
blissfully assume that the pioneering 
labors of plant taxonomy were happily 
consummated in the earlier 19th cen- 
tury and digested by Darwin, that there 
has never been anything like a com- 
plete manual to serve as an introduc- 
tion to this taxonomically and phyto- 
geographically rich and __ interesting 
flora. The classical floristic account of 
the country by Claudio Gay is now 
more than a century old, and the more 
recent (1896-1911) studies by Carlos 
Reiche did not cover vascular crypto- 
gams, gymnosperms, or “amentiferous” 
dicotyledons. In addition to this lamen- 
table situation succinctly pointed out by 
Carl Skottsberg in his prologue to the 
present volume, there is the unmen- 
tioned fact that the uncritical multipli- 
cation of taxa by the great naturalist, 
R. A. Philippi, in his later years, has 
effectively frustrated work on the 
Chilean flora. 

Mujfioz, well known in this country 
from his graduate days at Harvard and 
his subsequent participation in various 
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conferences and congresses, does not 
offer his Sinopsis as the full answer to 
the acknowledged lack. Indeed, his 
present work is visualized as a neces- 
sary and useful preliminary to a truly 
modern flora of Chile. His work is 
heavily indebted to the assistance of 
Benkt Sparre, and he has had the aid 
of most of the Chilean botanists and 
that of all of us who were fortunate 
enough to be able to visit Chile and to 
enjoy the unfailing hospitality of the 
author and his compatriots during the 
more than a decade of the book’s gesta- 
tion. 

As indicated by the subtitle, the 
Sinopsis consists essentially of 220 pages 
of carefully executed dichotomous keys 
to some 91 orders, 182 families, and the 
nearly 1000 genera of vascular plants 
believed to be native to, or established 
in, mainland Chile and its insular pos- 
sessions. The latter include the fabulous 
archipelago of Juan Fernandez, so beau- 
tifully monographed by Skottsberg, the 
offshore islets of San Félix and San 
Ambrosio, and the strongly discordant 
Isla de Pascua (Easter Island). Each 
family is provided with a brief diag- 
nosis, a list of some of its more com- 
mon and better known species, and a 
key to its genera. There are no generic 
descriptions, but their lack is more 
than compensated for by the provision 
of more than 200 full-page analytical 
plates prepared by the skilled botanical 
illustrators Fusa Sudzuki de Meza and 
Eugenio Sierra R. This central core is 
buttressed by a 25-page glossary, large- 
ly adapted from the excellent botanical 
dictionary of Font Quer; a 26-page 
bibliography lists the works consulted 
in the preparation of keys and descrip- 
tions. 

A useful tabulation of the authors of 
taxa described from Chile provides a 
digest of the country’s botanical history. 
It is notable that only four of those 
listed as contemporaneous are Chileans: 
Acevedo de Vargas, Espinosa, Kausel, 
Looser. This is not an entirely fair pic- 
ture of present-day Chilean plant tax- 
onomy, although economic conditions 
and professional opportunities in recent 
decades have not been the sort that en- 
courage botanical careers. There is some 
heartening evidence that the scientific 
climate may be improving. Active 
groups of plant scientists have developed 
in Concepcién, Santiago, and perhaps 
elsewhere. However, a great deal of 
basic exploratory effort and simple 
amassing of material still remains to be 
done, while senseless destruction of the 
beautiful and unique vegetation pro- 


ceeds apace. To my knowledge, there is 
nothing like a “complete” reference col- 
lection of the Chilean flora anywhere 
in the world; to attempt work with any 
part of it necessitates a large expendi- 
ture of time and effort in locating and 
accumulating even the basic materials. 
The appearance of Mufioz’s useful 
and very attractive volume suggests that 
there is now some official backing for a 
thorough appraisal of the country’s 
natural resources. The Sinopsis, excel- 
lent as far as it goes, may also be a 
symbol that basic scientific investiga- 
tion in Chile can anticipate public un- 
derstanding and support. The realiza- 
tion of a modern Chilean flora may 
thus be less of a mirage than it has long 
appeared to those awaiting it. 
LiNCOLN CONSTANCE 
Department of Botany, 
University of California, Berkeley 


Miscellaneous Publications 


(Inquiries concerning these publications should 
be addressed not to Science, but to the pub- 
lisher or agency sponsoring the publication.) 

The Future of Latin American Exports 
to the United States: 1965 and 1970. Louis 
O. Delwart. And a statement by the Inter- 
american Research Committee. Nationa! 
Planning Association, Washington, D.C., 
1960. 127 pp. $2. The Interamerican Re- 
search Committee, established by the Na- 
tional Planning Association, has approxi- 
mately equal representation from the 
peoples of the Western Hemisphere. In 
this report, the first of a series, the com- 
mittee warns that “The export situation of 
Latin America . . . requires urgent and 
sympathetic attention” and that in the past 
few years a “virtual stagnation in the over- 
all volume of Latin American exports to 
the United States” has already contributed 
to a slow-down in the rate of growth of 
the Latin American economy as a whole. 
The report warns that “the inability to find 
needed markets in the United States may 
induce these countries to accept bilateral 
agreements with the countries of the So- 
viet Bloc.” 

Japanese Journals in Science and Tech- 
nology. An annotated checklist. Compiled 
by George S. Bonn. New York Public Li- 
brary, New York, 1960. 134 pp. $2. A 
list of 660 titles selected from approxi- 
mately 900 journals examined by Bonn. 
Arrangement is by subject, with each sub- 
ject subdivided into six major types of 
publishing bodies—societies, government 
agencies, industries, private publishers, pre- 
1948 universities and post-1948 universi- 
ties. 

Laboratory Exercises in Invertebrate 
Physiology. John H. Welsh and Ralph I. 
Smith. Burgess, Minneapolis, rev. ed., 
1960. 179 pp. $3.50. 

Science and Engineering in American 
Industry. Report on a 1956 survey. Na- 
tional Science Foundation, Washington 25, 
1960 (order from Supt. of Documents, 
GPO, Washington 25). 117 pp. $0.70. 
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Effects of Absence of Saliva 
on Blood Feeding by Mosquitoes 


Abstract. The salivary glands of Aedes 
stimulans (Walker) are the source of an 
antigen which produces typical bite re- 
actions in men and laboratory rabbits. If 
the main salivary duct is cut, the reaction 
is not produced when the mosquito bites. 
Lack of saliva does not affect the intake 
or movement of blood into the mid-gut, 
nor does it prevent the development of 
eggs. The presence of an anesthetic com- 
ponent in saliva is suggested. 


The salivary secretions of a parasitic 
animal have two important aspects: the 
effects of introduction of the saliva into 
the host tissues, and the influence of 
salivary secretions upon the feeding 
mechanism and subsequent digestive 
processes of the parasite. 

When a mosquito feeds upon a mam- 
malian host a wheal commonly devel- 
ops around the puncture site; in man 
wheal formation is usually accom- 
panied by erythema and _ irritation. 
Wheals may also be produced in labo- 
ratory rabbits in response to a series of 
bites received over a period of time (J). 
Controlled experiments with rabbits 
have established the fact that the reac- 
tion to mosquito bites is of a hyper- 
sensitive type, and therefore occurs in 
response to the injection of antigen (/). 

It has been generally assumed that 
the source of this antigenic material lies 
in the salivary glands, but no direct 
evidence for this assumption has been 
recorded. The following technique was 
devised to determine if a bite, unac- 
companied by salivary secretion, would 
produce the characteristic symptoms in 
a sensitized human host. 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see ‘Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


Aedes stimulans (Walker) occurs 
abundantly in eastern Ontario during 
the summer months, and this com- 
paratively large species was selected for 
initial attempts to sever the main sali- 
vary duct leading to the hypopharynx. 
Females were captured as they at- 
tempted to feed on collectors in the 
field and also were reared from field- 
collected larvae. All adults were main- 
tained on 0.1M sucrose until they were 
required. 

To cut the salivary duct, the female 
was first anesthetized with carbon diox- 
ide and placed on its back on a slide. 
Strips of plasticine were crossed over the 
abdomen to hold the insect in place 
and the proboscis was gently strapped 
out in a position which extended the 
neck. 

A needle of tungsten wire (diameter 
10 »), sharpened to a fine point, was 
used to make a small incision into the 
anterior region of the neck, exposing 
the dark salivary duct. Posteriorly this 
duct divides into two branches which 
lead to the tri-lobed glands on each 
side (Fig. 1). The duct was cut in the 
anterior position with a sharpened sliver 
of tungsten wire. The operated mosquito 
was transferred to a vial and supplied 
with sucrose solution. Mortality rates 
were high, undoubtedly because of 
handling techniques and also the varia- 
tion in age of mosquitoes caught in the 
field. 

After a recovery period of 24 hours 
the operated mosquito and an unoper- 
ated control were offered a blood meal 
from the arm of a human subject. 
Many of the surviving operated mos- 
quitoes did not attempt to bite; how- 
ever, 12 individuals became fully en- 
gorged and gave clear results. The bite 
of a female whose salivary duct had 
been cut failed, in every case, to pro- 
duce a wheal or irritation; the bites of 
control mosquitoes, in an adjacent area 
on the arm, produced the normal reac- 
tion. These experiments give very good 
evidence that the source of antigenic 
material is the salivary glands. 

The technique described offers an 
opportunity for study of the effect of 
salivary secretions upon digestion and 
utilization of the blood meal, and also 
of the possible role of saliva as a lubri- 


cant during insertion of the mouth- 
parts. 

A robust survivor with the salivary 
duct cut appears to experience no dif- 
ficulty in inserting the mouthparts into 
the skin of the host. This is not sur- 
prising since the salivary canal in the 
hypopharynx is enclosed throughout its 
length, and saliva does not have access 
to the mandibles and maxillae except 
at the tip of the proboscis, Movement 
of the blood from the mouthparts to 
the mid-gut appeared to be normal. An 
interesting comparison may be made 
with the feeding of Glossina morsitans 
Westw. and G. tachinoides Westw. 
after removal of the salivary glands 
(2). These operated tsetse flies fed 
readily but the ingested blood sub- 
sequently clotted in varying degrees in 
the proboscis, proventriculus, and crop. 
This, it was claimed, resulted from the 
absence of an anticoagulin normally 
secreted by the salivary glands. 

Clotting of human blood has been 
shown to be prevented by addition of 
extracts of salivary glands of several 
species of Anopheles. Clotting time was 
not prolonged by extracts of glands of 
Aedes aegypti L., and other species of 
Aedes, Culex, and Psorophora (3). The 
effect of glandular extracts of A. sti- 
mulans on blood in vitro is not known. 

Larsen and Bodenstein (4) have 
shown that the blood meal initiates a 
series of humoral activities in the brain 
and corpora allata of C. pipiens L. and 
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Fig. 1. Ventral view of the head, neck, 
and prothorax of a female Aedes aegypti 
mosquito dissected to show positions of 
the salivary ducts and glands. A, Branch- 
ing of main salivary duct; B, proventri- 
culus; C, left salivary glands. 
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A. aegypti. This work has provided 
good evidence that it is the distension 
of the gut by the clotted blood which 
triggers a humoral chain of events cul- 
minating in maturation of the eggs. 

We were interested in discovering if 
the absence of saliva affected the sub- 
sequent clotting of the blood in the 
mid-gut and if this would in turn affect 
egg development. The mid-guts of 
operated and blood-fed A. stimulans 
contain a blood clot which does not 
appear to be different, on examination 
under the microscope, from the clot 
formed in a normal mosquito. More- 
over, the eggs develop to stages F and 
G (4), indicating that humoral activity 
has been initiated. 

Recently we have been able to cut 
the salivary duct in A. aegypti, and ex- 
periments with mosquitoes of known 
age and diet should offer more ac- 
curate data. The results of the experi- 
ments are at present difficult to interpret 
in terms of the function of the salivary 
glands of mosquitoes. If saliva plays 
a part in digestion of the blood meal, 
this function may be reflected in the 
subsequent activities of the mosquito, 
rather than in the development of the 
current batch of eggs. It has been sug- 
gested (5) that the salivary glands of 
blood-sucking arthropods are now non- 
functional but remain as evidence of a 
plant-feeding ancestry. This seems un- 
likely in mosquitoes, in view of an ap- 
parent cyclical activity of the gland 
cells (6). 

The presence of an anesthetic com- 
ponent is suggested by observations that 
the bites of A. stimulans, unaccom- 
panied by saliva, are more painful than 
the bites of normal mosquitoes. Such 
a component would have considerable 
adaptive significance and might also be 
a factor determining the effectiveness of 
certain species as vectors of disease 
organisms. The success of insects as 
vectors has been viewed in this way by 
Herms (7; 8). 

ANNE HUDSON 
L. BOowMAN 
C. W. M. OrR 
Department of Biology, Queen’s 
University, Kingston, Ontario,, Canada 
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Residence Time of Dissolved 
Phosphate in Natural Waters 


Abstract. Residence time varies from 
approximately 0.05 to 200 hours. Short 
residence times are indicative of depleted 
phosphate, active metabolic activity, or 
both. The turnover rate of phosphate is 
between 0.1 and 1.0 mg of phosphorus 
per cubic meter, per hour, regardless of 
phosphate concentration, except in bio- 
logically active systems where it is 1.0 to 
20. The turnover rate of phosphate may 
be more important than the phosphate 
concentration in maintaining highly pro- 
ductive systems. 


The use of P*?O, in studies of lakes 
has revealed dynamic equilibria be- 
tween phosphate dissolved in the water 
and phosphorus in the plankton, benthic 
organisms, bacteria, sediments, and dis- 
solved organic materials (/-5). The 
residence time of dissolved phosphate 
proved to be a matter of minutes (3). 
Estimates of the residence time of dis- 
solved phosphate in the sea and in 
estuaries (Table 1) reveal a wide range 
of conditions under which phosphate 
equilibria may be established, with the 
residence time varying over several 
orders of magnitude. 

Residence time and turnover rate of 
phosphate in freshly collected water 
were estimated in the laboratory. Ali- 
quots of 1.5 liters of water were placed 
in 7-liter rolling bottles in a constant- 
temperature room, and the water was 
kept within +2°C of its temperature 
at collection. The water was illumi- 
nated by flourescent lights with an in- 
tensity of 350 ft-ca. Sterile, carrier-free 
P*?O, was added to the water, and 


changes in radioactivity were measured 
at intervals until equilibrium was 
reached. Uptake of P** by bacteria and 
plankton was measured by filtering ali- 
quots of water through Millipore filters 
of 0.45-, porosity and counting the 
activity of the dried filters. The resi- 
dence time of phosphate was calculated 
by the method used in studies of lakes 
(2-4), but only the observations of 
Rigler (3) are comparable in the 
method of filtration. 

Turnover rate is considerably less 
variable than residence time, and ex- 
ceeds the range of 0.1 to 1.0 mg/m* 
per hour only in biologically active 
systems, such as plankton blooms, salt 
marshes, and small lakes. Residence 
time is influenced both by the turnover 
rate and the concentration of dissolved 
phosphate. Therefore, a system having 
a short phosphate residence time may 
be impoverished in phosphate, as in 
the sea, or it may be unusually active 
biologically, as in algal blooms. When 
both conditions occur together, as in 
small lakes, the residence time becomes 
vanishingly short. 

Measurements of the concentration 
of dissolved phosphate in natural waters 
give a very limited indication of phos- 
phate availability. Much or virtually 
all the phosphorus in the system may 
be inside living organisms at any given 
time, yet it may be overturning every 
hour with the result that there will be 
a constant supply of phosphate for 
organisms able to concentrate it from 
a very dilute solution. Such systems 
may remain stable biologically and 
chemically for considerable periods in 
the apparent absence of available phos- 


Table 1. Residence time, concentration, and turnover rate of dissolved phosphate in natural waters 











Dissolved phosphate 





Date Location Type of system Res. Concn. Turnover “e 
time (mg atom (mg P/m5 
(hr) P /m3) per hr) 
9/28 /54 Oiseau Lake, Ontario* Small lake 0.06 0.003 1.6 
9/11 and 
9/18/53 Toussaint Lake, Ontario* Small bog lake 0.08 0.009 3.6 
9/17/54 Maskinonge Lake, Ontario* Lake 0.4 0.012 1.0 
7/29/58 Salt-marsh creek, Georgia Kryptoperidinium bloom 1.0 0.6 19 29 
5/14/59 Altamaha River, Georgia Nostocaceae bloom 1.0 0.1 3 25 
7/18/58 30°53’N, 80°28’W Continental shelf water 5 0.1 0.6 29 
7/18/58 30°58’N, 80°O1’W Gulf Stream, surface 4 0.1 0.8 29 
7/18/58 30°58’N, 80°O1’W Gulf Stream, 60 m 12 0.1 0.3 29 
4/ 2/59 31°25’N, 81 °0S’W Coastal sea water, surface 34 0.1 0.1 18 
10/15/59 31°19’N, 81°10’W Coastal sea water, surface 155 0.5 0.1 34 
10/15/59 31°20’N, 81°13’W Coastal sea water, surface 63 0.8 0.4 33 
11/19/59 31°20’N, 81°13’W Coastal sea water, surface 50 0.3 0.2 15 
11/19/59 31°19’N, 81°11’W Coastal sea water, surface 46 0.1 0.1 16 
4/20/59 31°23’N, 81°17’W Doboy Inlet 4 0.2 1.5 22 
11/12/59 31°23’N, 81°17"W Doboy Inlet 66 1.0 0.5 16 
11/19/59 31°23’N, 81°17’W Doboy Inlet lil 0.9 0.2 15 
6/26/58 31°25’N, 81°18’W Doboy Sound 37 
2/28/59 31°25’N, 81°18’W Doboy Sound 50 0.6 0.5 12 
7/17/59 31°25’N, 81°18’W Doboy Sound 56 1.0 0.5 30 
11/12/59 31°25’N, 81°18’W Doboy Sound 39 1.0 0.8 15 
11/19/59 31°25’N, 81°18’W Doboy Sound 30 1.0 1.0 14 
1/30/59 31°29’N, 81°16’W Salt marsh (low tide) 49 3.0 2.0 15 
10/12/59 31°29’N, 81°16’W Salt marsh (low tide) 40 5.5 4.0 27 
11/12/59 31°29’N, 81°16’"W Salt marsh (high tide) 169 1.1 0.2 15 
11/12/59 Altamaha River, Georgia 13 0.2 0.5 14 
9/14/54 Ottawa River, Ontario* 30 0.05 0.2 








* From Rigler (3). Rigler’s observations have been converted from other units of measurement for convenient 


comparison. 
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phate. This suggests how it is possible 
for phytoplankton blooms to persist in 
water containing only a few hours’ 
supply of dissolved phosphate. The 
observations presented here suggest that 
a rapid flux of phosphate is typical of 
highly productive systems, such as 
blooms, and that the flux rate is more 
important than the concentration of 
dissolved phosphate in maintaining high 
rates of organic production. 

It would be of interest to learn what 
factors tend to stabilize the flux of 
phosphate over a wide range of phos- 
phate concentrations and what factors 
induce a more rapid flux in certain 
circumstances (6). 

LAWRENCE R. POMEROY 
University of Georgia Marine 
Institute, Sapelo Island 
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Biological Effects of a 
Chemical Mutagen, 
Diepoxybutane, on Tomato 


Abstract. Tomato seeds were treated 
with three concentrations of 1:2, 3:4-diep- 
oxybutane. Seedling mutations were in- 
duced in high amounts with all doses, but 
other biological effects in the treated gen- 
eration including delayed germination, 
chlorophyll-deficiency sectoring in the first 
true leaves, and failure of plants to bear 
fruit, were found only with the highest 
concentration. Neither a lethal nor a par- 
tially lethal dose was applied. 


Diepoxybutane has been demon- 
strated to be a highly effective muta- 
genic agent in barley by Ehrenberg 
and Gustafsson (1), in Neurospora by 
Kolmark and Westergaard (2), and in 
Drosophila by Bird (3) and others. 
Other biological effects, occurring simul- 
taneously with the mutational effect of 
diepoxybutane in these biological ma- 
terials, included sterility and lethality, 
which increased with increasea chemi- 
cal dose. However, in this study lethal- 
ity was absent in all treatments, and 
sterility was restricted to only the high- 
est concentration, while the mutational 
effect was observed with all doses of 
diepoxybutane applied. 

Tomato seeds, 300 per treatment, of 
the highly inbred O18 strain of the Red 
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Table 1. Number of mutations recovered in the second generation following treatment of 
tomato seed with various concentrations of diepoxybutahe, or (control group) with distilled 








water. 
No. of No. of Percent of 
Treatment transplanted mutants plants producing 
seedlings recovered mutants 
Control (distilled H.O) 69 0 0.0 
0.2 percent diepoxybutane 110 5 4.5 
0.5 percent diepoxybutane 104 “ 3.8 
0.8 percent diepoxybutane 40 oe \ 





Cherry variety of Lycopersicon esculen- 
tum, were treated with three concentra- 
tions of 1:2, 3:4-diepoxybutane—0.2, 
0.5, and 0.8 percent—in aqueous solu- 
tion and with distilled water. Prelimin- 
ary investigations indicated the 50 per- 
cent lethal dose to be somewhere 
between 0.1 and 1.0 percent diepoxy- 
butane when the seeds, presoaked for 
24 hours in distilled water, were treated 
in the chemical for 1 hour under 
vacuum followed by 5 hours at normal 
pressure. The same conditions of treat- 
ment were follewed throughout. 

Following treatment, the seeds were 
thoroughly washed and planted in soil. 
After 2 weeks the seedlings were trans- 
planted to pots on a raised bench in a 
greenhouse maintained at 65°F. night 
temperature. The number of trans- 
planted seedlings in each treatment 
were as shown in Table 1. The plants, 
trained to one main axis, were grown 
for 7 months and seeds from the first 
four fruit-bearing inflorescences were 
recovered separately. 

For the determination of induced 
mutations the seeds from the first and 
last inflorescence of each plant were 
grown to the seedling stage of the 
second generation and screened for 
seedling abnormalities. Lines segregating 
for color, rate of growth, or morpho- 
logical seedling abnormalities were 
grown to the third generation to deter- 
mine the inheritance of the abnormali- 
ties recovered. Abnormalities segregat- 
ing in a 3:1 ratio in the seedling stage 
of the third generation were classified 
as mutations. 

Mutations were recovered from all 
three diepoxybutane treatments but 
none from the control lots. The num- 
ber and percentage of mutations re- 
covered from each diepoxybutane treat- 
ment are listed in Table 1. Only a 
single mutant type was recovered from 
any one treated plant, but the mutation 
could be found in either or both of the 
tested inflorescences of this plant. The 
majority of the mutants were chloro- 
phyll-deficient types; in the remainder, 
rate of growth and morphological char- 
acteristics were affected. 

Apparent pleiotropic effects on rate 
of growth and morphological develop- 
ment were characteristic of many of 
the chlorophyll mutants. Lethality in 
the seedling stage or sterility of most 
of the mutants prevented the recovery 


of the mutations in a homozygous con- 
dition. This fact might be an indica- 
tion of chromosomal deletions or re- 
arrangements in the mutants rather than 
true gene changes. 

Biological effects in the treated gen- 
eration, excluding the mutational effect, 
resulting from diepoxybutane treatment 
were found only with the highest con- 
centration, 0.8 percent diepoxybutane. 
The seed treated with 0.2 and 0.5 per- 
cent diepoxybutane developed in all re- 
spects the same as the control. The mu- 
tational effect in seed treated with these 
two concentrations was the only ob- 
servable difference from the seed 
treated with distilled water. 

The three characteristic effects of the 
0.8 percent dieoxybutane treatment in 
the treated generation included delayed 
germination, chlorophyll-deficiency sec- 
toring in the first true leaves, and the 
production of fruitless plants. 

While the control, 0.2 percent, and 
0.5 percent diepoxybutane treatments 
yielded 90 percent germination of the 
treated seed within 10 days of planting, 
during the same period only 15 seeds, 
or 5 percent, in the 0.8 percent die- 
poxybutane treatment germinated. 
However, 3 weeks later germination 
had increased to 90 percent, thus dem- 
onstrating the failure to administer even 
a partially lethal dose. 

All of the seedlings that germinated 
in the 0.8 percent diepoxybutane treat- 
ment exhibited chlorophyll-deficiency 
sectoring in the first true leaves. All 
other leaves developed normally. 

In this experiment, sterility was de- 
termined by the number of plants fail- 
ing to produce any fruit; a treated plant 
was considered fertile if it produced at 
least one fruit on any of the tested 
inflorescences. In the 0.8 percent die- 
poxybutane treatment, eight plants, or 
20 percent, failed to produce fruit. In 
the other two chemical treatments to- 
gether, only one plant, of the 0.2 
percent diepoxybutane treatment, was 
fruitless. However, all of the plants 
which failed to produce fruit in the 
greenhouse on the main axis, when they 
were pruned back to the first leaves 
and set in the field, produced fruit on 
their axillary branches in all respects 
the same as normal plants. 

The tomato appears in this experi- 
ment to respond differently from other 
biological materials to diepoxybutane 
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treatment. While the mutational effect 
increased with increased chemical con- 
centration, at least between the two 
higher concentrations, neither sterility 
nor lethality patterns were the same. 
Sterility was manifested only at the 
highest concentration of diepoxybu- 
tane, while even a partially lethal dose 
was not demonstrated with any of the 
concentrations employed. At the same 
time, two previously unreported effects, 
chlorophyll-deficiency sectoring and de- 
layed germination, were produced by 
diepoxybutane treatment. 

All of these effects, excluding the 
mutational effect, were restricted in 
tomato to the 0.8 percent diepoxybu- 
tane treatment. In addition, chlorophyll- 
deficiency sectoring in first true leaves 
and delayed germination were relative- 
ly constant features of this treatment. 

The constancy of delayed germination 
and chlorophyll sectoring in the 0.8 
percent diepoxybutane treatment indi- 
cates possibly that there is a relatively 
invariable response of the individual 
tomato seeds in a treatment to a given 
concentration of chemical. And, too, if 
one assumes these effects to be the 
result of gross chromosomal aberra- 
tions, the ratio of normal to damaged 
meristematic cells in the seed treated 
with 0.8 percent diepoxybutane has 
reached the threshold point necessary 
for the manifestation of these effects. 
On the other hand, if lethality is de- 
pendent on all meristematic cells of a 
seed being irreparably damaged, then 
the dosage necessary for this condition 
had not yet been administered in this 
experiment. 

The results of this study may thus in- 
dicate the tomato to be a valuable mate- 
rial on which to study the quantitative 
effects of chemical mutagens in higher 
plants. First, diepoxybutane has demon- 
strated mutagenic effects over a wide 
range of chemical concentrations (0.2 
to 0.8 percent) without being limited 
by lethality or sterility. Second, the 
seed itself demonstrated few properties 
that would cause variations in the ef- 
fects of a given concentration of chem- 
ical with an individual treatment (4). 

GEORGE EMERY 
Pennsylvania State University, . 
University Park 
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Effect of Synthetic Smog on 
Spontaneous Activity of Mice 


Abstract. Mice allowed to run in a re- 
volving-drum activity cage are sensitive 
indicators of air pollution. They respond 
to the presence of synthetic smog by di- 
minishing their 24-hour activity in the 
revolving wheels. The reduction in wheel 
activity is comparatively greater for larger 
amounts of smog. 


Since Stewart’s. pioneering experi- 
ments on the measurement of the ac- 
tivity of rats and mice with revolving 
wheels and kymographs, numerous in- 
vestigators have studied the factors 
which influence the behavior of rats 
in this type of apparatus (/). Attempts 
have been made to calibrate or improve 
the wheels, or invent new means of 
measurement, such as_ tambour- 
mounted or tilting cages, photoelectric 
or magnetic devices, and a variety of 
mazes, most of which measure differ- 
ent quantities (2). Furthermore, many 
environmental and biological factors 
affect activity, yet relatively little is 
known about the motivation involved, 
despite several investigations of this 
phase of the problem (3). 

Some of the factors which tend to 
complicate the use of these techniques 
are age, sex, diurnal cycle, oestrus cy- 
cle, visible light (5), heredity (6), and 
hunger and dietary deficiencies (7). 
Drugs with both stimulating and de- 
pressing effects on activity are known 
(8). Whole-body radiation also exerts 
some influence, though activity is not 
especially responsive to this kind of in- 
sult (9). Tobacco smoke is also 
claimed to have some effects (J0). 
Although other air pollutants have not 
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been systematically studied, one of 
Stewart’s original observations is of 
interest in this connection. During the 
course of his experiments on the effects 
of barometric pressure and alcohol on 
the activity of rats, he observed a de- 
crease on several occasions which he 
attributed to the escape of gas in his 
laboratory. While he does not indicate 
whether the poisoning seriously affected 
his animals in other ways, he was ap- 
parently the first to observe the effect 
of an air pollutant on voluntary ac- 
tivity (7). 

The experiments described in this 
report were performed in the expecta- 
tion that biological methods which 
measure the voluntary behavior of the 
experimental animal would provide 
sensitive indicators of environmental 
factors such as air pollution and in- 
fectious agents, since relatively small 
sensory impulses may be amplified by 
the neuromuscular system of the ani- 
mal into large changes in behavior (4). 

For the purpose of studying these ef- 
fects, we have employed two modified 
100 ft* refrigerators. The chambers are 
similar and are provided with activated 
charcoal filtered air pulled by an ex- 
haust blower on. the roof. The tem- 
perature is approximately the same in 
both chambers. A mixture of ozone 
and gasoline vapor in air is forced into 
the exposure chamber. (The technique 
is similar to that described by Kotin and 
Falk, 77.) This smog is analyzed daily 
for total oxidant with phenolphthalein 
(12) and for ozone by absorption in 
neutral potassium iodide (73). 

The mice used for the present study 
were young adult CS57BL/6 males; they 
were caged individually, and they had 
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Fig. 1. Spontaneous wheel turning activity of two C57 Black male mice in different 
environments. The total oxidant and ozone determinations are shown at the bottom 
of the graph for each day of exposure to synthetic air pollutant mixture. 
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free access to laboratory chow. The ro- 
tating wheels, 634 inches in diameter, 
were lined with a plastic film in which 
fine carborundum powder is embedded 
for traction. Rotation is recorded re- 
motely by electric counters activated 
by microswitches. 

After approximately 3 weeks in the 
wheel cages, the mice stabilized their 
activity. The cages were then placed in 
the chambers, one in smog, the other 
in purified air. At intervals of 24 hours, 
the cages were exchanged between 
chambers, the smogged mouse being 
placed in filtered air, the filtered air 
mouse in smog. This process was re- 
peated for a total of 6 days in light 
smog and 6 days in heavy smog; there 
was a 1-week interval in the filtered 
air chamber between the two periods 
of exposure to smog. 

Figure 1 is a semilogarithmic plot 
of the daily activity records of two in- 
dividual mice throughout one experi- 
ment. The smog concentrations in parts 
per million (ppm) for each exposure 
day are shown at the bottom. The reg- 
ular manner in which low concentra- 
tions of smog diminish the wheel- 
turning is obvious and _ significant 
(P = <.001), by analysis of variance, 
as is the greater inhibition which oc- 
curred after the smog concentration 
was increased. The ozone concentra- 
tion in the first series of exposures 
corresponds to a first-stage alert in Los 
Angeles (0.5 ppm), although the total 
oxidant values are somewhat higher. 
These experiments are easily repeat- 
able with different kinds of wheels. 
Thus far, we have shown reduced ac- 
tivity in smog with a total of 14 mice. 
Furthermore, a decrease in activity is 
noted for at least 3 weeks when the 
mice remain in the smog chamber. 
The activity techniques, though little 
used for the study of disease, may be 
sensitive indicators of subclinical dis- 
turbances (/4). 

ROBERT D. BocHE 
J. J. QUILLIGAN, Jr. 
Department of Pediatrics, 
College of Medical Evangelists, 
Los Angeles County General: Hospital, 
Los Angeles, California 
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Preservation of Honey Bee Semen 


Abstract. Fertilized eggs have been ob- 
tained from queen honey bees (Apis mel- 
lifera L.) inseminated with sperm that had 
been stored in vitro at above-freezing tem- 
peratures for up to 68 days. The effects of 
various experimental storage treatments on 
semen are described. Semen shipped by 
ordinary mail has been successfully used 
for artificial insemination. 


In some species of insects the semen 
is stored in the spermatheca of the 
female after mating. Sperms remain 
alive in the spermatheca from a few 
days in certain flies to a few years in 
some ants and in the honey bee (Apis 
mellifera L.). Queen ants are reported 
to have laid fertile eggs 15 years and 
queen honey bees 7 years after mating 
(1). Artificially inseminated queen 
honey bees have been known to lay 
fertile eggs for 3 years. 

The spermatheca of queen bees is 
spherical and covered with a network 
of tracheae. Dissection of queens a few 
hours after death shows disintegration 
of all digestive and reproductive organs 
except the spermatheca. This organ ap- 
pears fresh, and the enclosed sperms 
continue to be motile and have been 
used to inseminate other queens, an 
indication that the organ has a rela- 
tively impermeable membrane. 

Attempts at low temperature storage 
of bee semen at Baton Rouge, La., have 
been unsuccessful. Therefore, experi- 
ments were undertaken to develop some 
other method of preservation. 

Semen was collected from the ejacu- 
late of 5 to 25 drones (2) and placed 
in capillary tubes 1.8 to 2.0 mm in 
diameter. Pooled samples that had been 





thoroughly mixed would have been 
desirable to eliminate differences in the 
drones’ fertilization capacity, but the 
mixing of sperms in pooled ejaculates 
is not possible with present techniques 
(3). 

Queens were inseminated by the 
method described by Mackensen and 
Roberts (2). Virgin queens were anes- 
thetized, and semen was placed in their 
oviducts with a syringe. With this 
method, several million sperms usually 
reach the spermatheca and less than 5 
percent of the queens fail to survive 
insemination. The inseminated queens 
were kept in small colonies of only a 
few thousand bees, so that the rate of 
egg laying was no more than 300 to 
400 per day. 

The first experiment was designed to 
determine the effect of the following 
environmental conditions on the viabil- 
ity of sperm stored from 7 to 33 days; 
(i) dilution with different media, (ii) 
replacement of the air atmosphere with 
various gases, and (iii) temperature. 
The diluent materials included a Ringer- 
buffer mixture, Ringer-buffer-fructose 
mixture (4), bee blood, and royal jelly. 
The volume of diluent was not more 
than the total volume of semen. After 
the diluent and semen were mixed in 
some of the tubes, the air above was 
replaced with carbon dioxide, nitrogen, 
or helium, by injection from a finely 
drawn glass tube; the tubes of semen 
were sealed by heating immediately 
after removal of the gas jet. 

Of 105 queens inseminated, 31 pro- 
duced fertile eggs and 17 others had 
sperm in the spermatheca but either 
did not lay fertile eggs or laid so few 
that their numbers were considered un- 
reliable. Table 1 shows the storage 
treatments of sperm used with 14 
queens that produced fertile workers. 
All queens that received semen treated 
with carbon dioxide died. Semen diluted 
with royal jelly or bee blood coagulated 
and could not be transferred to the 
inseminating syringe. Many of the tubes 
diluted with Ringer-buffer and Ringer- 
buffer-fructose had partially coagulated 
semen. Some tubes stored for 2 weeks 
or longer showed contaminating micro- 
organisms, and the semen in them was 


Table 1. Method of storage of honey bee sperm 
at defined temperatures. 





: Gas in No. of 
Days in Temp. storage queens 
storage (°F) sits 


fertilized 





Semen in Ringer-buffer solution adjusted to pH 7.4 
3 


Room Nitrogen 
21 Room Air 1 
Undiluted semen 

29 35 Air 2 
22 Room Air 2 
16 Room Helium 2 
Nitrogen 2 

15 90 Nitrogen 2 
35 Air 1 
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Table 2. Effect of length and temperature of 
storage of honey bee semen on success of queen 
insemination. 











No. of queens that laid No. of 
Days in queens 
storage Fertile _Infertile that 
eggs eggs died 
Stored at room temperature 
68* 1 2 
44 6 1 4 
43 2 1 
5i* Z 
29 1 3 
Stored at 35°F 
43 2 5 
31* 4 
29 5 
Stored at 90°F 
68* 1 1 
Ng 1 2 
27 3 a y 





* Chlortetracycline added. 


discolored or more viscous than normal. 
In the second experiment the effect 
of temperature on the fertilizing ca- 
pacity of the sperm was studied by 
storing the sperm in sealed tubes at 
room temperature and 35° and 90°F 
from 27 to 68 days. In this experiment 
55 queens were inseminated. Thirteen 
that had been inseminated with semen 
stored at room temperatures (72° to 
86°F) and four inseminated with semen 
stored at 90°F produced fertile eggs 
(Table 2). No fertile eggs were ob- 
tained from queens inseminated with 
semen stored at 35°F, Storage was con- 
sidered successful if at least half the 
eggs of each queen were fertilized. 
Sperms stored 4 weeks or longer at 
room temperatures or above remained 
viable. Microscopic examination showed 
that a number of dead queens had liv- 
ing sperms in the spermatheca. The use 
of better techniques for sterilization and 
an antibiotic, chlortetracycline, reduced 
contamination by microorganisms. 
Four tubes each containing semen 
collected from about 20 drones were 
sent by regular mail to Madison, Wis. 
Of ten queens inseminated by O. Mack- 
ensen with this semen, one died, eight 
laid all fertile eggs, and one laid both 
infertile and fertile eggs. Counts of 
sperm cells in the spermathecae of the 
nine live queens compared favorably 
with counts in queens that had received 
an equivalent amount of fresh semen. 
Why these sperms remained viable 
for such long periods is not known. An 
explanation of their longevity may be 
applicable to storage of sperm of other 
animals. Studies of the artificial preser- 
vation of sperm of domestic animals, 
especially the bull, have received con- 
siderable attention since the discovery 
that glycerol acts as a protective agent 
(5), permitting successful storage at 
low temperatures. Most of the work on 
mammalian sperm preservation has 
been done at very low temperatures, 
and successful inseminations have been 
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made with sperm frozen 3 years (6). 
Sperms have remained alive for rela- 
tively long periods in the ligated epidi- 
dymis of a number of mammals (7), 
and recently some success has been 
obtained in the preservation of bull 
semen at above-freezing temperatures 
when a continuous flow of physiological 
fluid passed dialyzing tubes containing 
the semen (8). 

Mann (9) has shown the importance 
of fructose in the metabolism of semen. 
We have found fructose to be present 
in fresh bee semen, but it is rapidly 
metabolized, and 40 minutes after ejac- 
ulation it has disappeared. Obviously, 
a supply of fructose is not necessary to 
survival of honey bee sperm, and it is 
surprising that sperms can _ survive 
under so many different environmental 
conditions. It may be that sperms stored 
in the spermatheca receive little or no 
nourishment and have an extremely low 
metabolic rate. If so, it should be pos- 
sible to develop a successful method for 
storing sperms for long periods of time. 

STEPHEN TABER, III 
Entomology Research Division, 
U.S. Agricultural Research Service, 
Baton Rouge, Louisiana 
Murray S. BLUM 
Department of Entomology, Louisiana 
State University, Baton Rouge 
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Effects of Deprivation and 
Scheduling on Water Intake 
in the White Rat 


Abstract. Two studies are presented to 
demonstrate that the consummatory be- 
havior of drinking in the rat is under the 
control of duration of water deprivation 
and that intake after deprivation is related 
to variation in the scheduling of the ani- 
mals’ opportunities for drinking. 


Miller (J) has recently pointed out 
that different measures of what is held 
to be a unitary process—for example, 
the drive state of thirst—on occasion 
show rather wide variation one from 
another. The present report (2) ad- 
vances evidence that such variation oc- 
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Fig. 1. Amount of water drunk during a 
test period of 1 hour following water de- 
privation of varying intervals for animals 
with free access to water and for animals 
with access to water limited to 1 hour a 
day. 


curs not only when different classes of 
behavior are observed as operational 
measures of the same drive, but also 
under circumstances where a single in- 
dicator varies with changes in laboratory 
routines. 

In the first study, five albino rats of 
the Wistar strain were kept in individ- 
ual cages in a darkened room over a 
period of several months. For the first 
5 weeks of the study, the animals were 
permitted access to water for 1 hour a 
day (23-hour deprivation schedule); at 
the end of this period a series of depri- 
vation tests was begun which extended 
over a period of 8 weeks (schedule con- 
dition). Two observations of drinking 
during a test period of 1 hour were 
made after deprivation of 4, 21, 22, 25, 
26, and 30 hours, and one observation 
was made after 0 and one after 47 
hours of deprivation. During this time, 
food was freely available to the ani- 
mals, and, on days when a test was not 
scheduled, the animals drank at the 
usual 23-hour deprivation interval. 

When these observations were com- 
pleted, the animals were returned to 
free access to water as well as to food 
for 3 weeks, after which drinking tests 
were run at the same deprivation inter- 
vals used in the schedule condition. In 
this case, however, the animals were 
deprived of water only during the test 
interval (free access condition). 

The results of the study are shown in 
Fig. 1. For animals on a free access 
base line, there is a relatively regular 
relation between deprivation interval 
and amount drunk. Intake in this con- 
dition shows a statistically significant 
increase between 0 and 4 hours of de- 
privation (p < .05), and between 4 
hours of deprivation and all other inter- 
vals (p < .01), but there is no signifi- 
cant variation among deprivation inter- 
vals of 21, 23, 25, 26, and 30 hours. 
On the other hand, the amount drunk 
from a schedule base line shows a strik- 
ing inflection near the deprivation in- 
terval associated with scheduled drink- 
ing. This inflection is sharp enough to 
produce statistically significant differ- 
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ences in intake between 21- and 22- 
hour deprivation, between 22- and 25- 
hour deprivation, and between 25- and 
30-hour deprivation (all differences at 
p < .01). It is interesting, too, to note 
that, although a significant increase in 
intake occurs between 0- and 4-hour 
deprivation in the schedule condition, 
there is a nonsignificant drop in intake 
between 4- and 21-hour deprivation. 

Scheduling of drinking on a once-a- 
day cycle seems to have the effect of 
reducing differences in intake between 
some relatively short period of depriva- 
tion (in this case, 4 hours) and longer 
periods up to the deprivation interval 
associated with scheduled drinking, and 
then of producing a sharp rise in intake 
at deprivation intervals longer than the 
one normally associated with scheduled 
drinking. 

A second study was run in order to 
make a closer examination of intake at 
the lower end of the deprivation range. 
Ten albino Wistars were studied, five 
with free access to water at all times 
other than test intervals and five under 
23-hour scheduled deprivation. Tests of 
water intake were run at 0, 1, 2%, 4, 
5, 6, and 12 hours of water deprivation. 
In this study, the results of which are 
shown in Fig. 2, intake over the first 
10 minutes of the test hour was ana- 
lyzed because it had been shown that 
intake during the shorter period ade- 
quately represented intake over the en- 
tire hour. 

It should be noted in Fig. 2 that, as 
the first study suggested, the rise of in- 
take with deprivation appears to be 
sharper in the schedule group than in 
the free access group. For example, in- 
take for the schedule group was sig- 
nificantly different (p < .01) between 
the lower deprivation intervals (1- and 
2¥%2-hour) and the higher intervals (6- 
and 12-hour). The rise of intake in the 
free access group, although regular, did 
not reach conventional levels of statis- 
tical significance. 




















| 
16}, mn 
= i2F a 
¥ Ree 2 
< F 
= 
Z 8 
z 
Ss 
rs @—e SCHEDULE 
o——o FREE ACCESS 
a 
D Gem 
O11 2204 Sos 12 


DEPRIVATION INTERVAL (HOURS) 


Fig. 2. Amount of water drunk during a 
test period of 10 minutes following water 
deprivation of varying intervals for animals 
with free access to water and for animals 
— access to water limited to 1 hour a 
ay. 
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These studies confirm the observa- 
tion of earlier workers (3) that a sharp 
rise in consummatory behavior takes 
place between 0 and 4 to 6 hours of 
deprivation, but they also suggest that 
part of this effect may be ascribable to 
the influence of caretaking schedules. 
Animals which have been “trained” to 
drink every 24 hours will show distor- 
tions of intake when compared with 
animals tested from a base line of free 
access to water. These distortions sug- 
gest caution in the use of hours of de- 
privation as a simple index of “thirst” 
and lend support to Miller’s conclu- 
sions (4) about the complexity of drive 
measures in general. 

WILLIAM KESSEN 
Yale University, 
New Haven, Connecticut 
GREGORY A. KIMBLE 
Duke University, 
Durham, North Carolina 
BEVERLY M. HILLMANN 
U.S. Navy Submarine Base, 
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Effects of Polyvalent Cobait 
Salts on Human Cells 
in Tissue Culture 


Abstract. Trivalent and hexavalent co- 
balt complexes have been tested to deter- 
mine their ability to produce morphological 
changes in two different human cell cul- 
tures. Aortic intimal cells which produce 
mucopolysaccharides in vitro prove to be 
more susceptible than the nonmucopoly- 
saccharide producing HeLa strain. This 
effect seems to be related to the reaction 
of polyanions such as ribonucleic acid, 
deoxyribonucleic acid, and chondroitin 
sulfate, with the complex cobalt salts. 


The use of polyvalent cobalt salts for 
the precipitation of chondroitin sulfate 
and deoxyribonucleate (/, 2) prompted 
us to investigate the effects of these salts 
on freshly grown cells capable of 
synthesizing sulfated mucopolysaccha- 
rides. Trivalent hexamminecobaltic 
chloride, Co(HNs)«Cls, and hexavalent 
hexol nitrate, [Co(OH) «(Coen:) s] 
(NOs), prepared by Maxwell Schubert 
(3), were examined for purity by x-ray 
powder diffraction patterns (4). The 


trivalent salt in dilute aqueous solutions 
forms precipitates with sulfated muco- 
polysaccharides and nucleic acids (RNA 
as well as DNA), and their respective 
protein complexes. At physiological 
pH and salt concentrations, only DNA 
is precipitated (2). The hexavalent 
salt will also precipitate hyaluronate 
and react with polyanions at physio- 
logical pH and ionic strength. That 
the cobalt salt may also form soluble 
complexes with polyanions is_ indi- 
cated by the dissolution of such pre- 
cipitates by excess anion, and a specific 
increment at 235 mp produced in a 
solution of hexamminecobaltic chloride 
by the presence of chondroitin sul- 
fate (3). 

To test whether these salts could 
precipitate the mucopolysaccharides or 
polysaccharide-protein complexes of 
aortic cells specifically, or both, several 
human aortas were extracted. Water 
soluble aortic mucopolysaccharide-pro- 
tein complex was obtained by Schubert's 
method (5, 6). This material was 
metachromatic, had a clear absorption 
peak at 280 mp in a Beckman DU 
spectrophotometer, and contained 9.8 
percent hexosamine and 8.2 percent 
nitrogen. It was obtained in a yield 
of 1 to 2 percent of dried, defatted 
aorta and sedimented as two peaks in 
the analytical ultracentrifuge. In aque- 
ous solution the material gave precipi- 
tates with both polyvalent cobalt salts 
directly proportional to the amount of 
polysaccharide-protein complex added. 

Due to the relative specificity of the 
reaction, we proposed to study whether 
these salts would (i) enter cells growing 
in tissue culture and (ii) manifest 
effects either in cytoplasmatic sites of 
RNA and mucopolysaccharide localiza- 
tion or in nuclear DNA itself. Two 
human cell types were used: (i) intimal 
cells from adult human aorta organ 
cultures (7) which produce mucopoly- 
saccharides in short-term studies (8), 
and (ii) a commercial stock of strain 
HeLa (9) (Microbiological Associates, 
Inc.). Both cell types were maintained 
in 10 percent human serum and 90 
percent Eagle’s basal medium for 
periods of up to 120 hours. 

The cobalt salts were dissolved in 
triple distilled water with a magnetic 
stirrer, sterilized by filtration through 
a UF fritted disc (Corning) in a Mor- 
ton filter apparatus, and diluted to 
concentrations of 1 to 150 pg/ml in 
sterile Hanks’ solution. After the drug 
was added, flying-coverslip type cultures 
were incubated at 36.5°C and observed 
periodically. The cultures were fixed 
in 10 percent Ringer’s formalin and 
stained with May-Griinwald-Giemsa by 
W. Jacobson’s method (Strangeways 
Laboratory), Alcian blue 8 GS-Ehr- 
lich’s hemalum, and periodic acid-Schiff. 
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Fig. 1 (left). Cytoplasmatic vacuoles in 
human aortic intimal cells produced 
by trivalent hexamminecobaltic chloride. 
(Right) Intranucleolar granules in human 
aortic intimal cells produced by hexavalent 
hexol nitrate. 


Half of the cultures were incubated 
for 12 hours after the drug was added, 
rinsed twice in Hanks’ solution, and 
maintained in normal culture medium 
for the rest of the incubation time. As 
is shown in Table 1, different morpho- 
logical nuclear and_ cytoplasmatic 
changes were observed in the aortic 
intimal cells and in HeLa cells at vari- 
ous concentrations of the salts. Tri- 
valent hexamminecobaltic chloride at 
concentrations of 5 ywg/ml produced 
in aortic intimal cells large cytoplasmatic 
vacuoles containing metachromatic 
granules after 12 hours of incubation, 
but no nuclear changes (Fig. 1, left). 
Such effects were not observed in the 
HeLa cells under similar conditions. 
Both cell types show growth inhibition 
and typical cytotoxic effects at concen- 
trations of 100 pg/ml. 


Table 1. Effect of various salts on human cell 
cultures. 
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Hexavalent hexol nitrate (5 pg/ml) 
produced intranucleolar granules but no 
cytoplasmatic changes in human aortic 
intimal cells. At concentrations of 50 
ug/ml these granules were very abun- 
dant and were accompanied by forma- 
tion of large bubbles in the cell mem- 
brane but no vacuolization (Fig. 1, right). 
The nucleolar changes persisted for up 
to 120 hours of cultivation if these cells 
were exposed to the salt for 12 hours. 
The salt did not inhibit their mitotic 
index or prolong their generation time. 
In HeLa cells this salt produced nuclear 
picnosis, growth inhibition, and cytolysis, 
at concentrations of 100 pg/ml. 

Control tests carried out with co- 
baltous chloride at similar concentra- 
tions showed growth inhibition with 
250 pg/ml in both cell types without 
any of the morphological changes de- 
scribed above. Nickelous ammonium 
bromide produced similar results at 
concentrations of 200 ug/ml. 

The effects of trivalent hexammine- 
cobaltic chloride in aortic intimal cell 
cytoplasm can be interpreted as the 
induction of dilated vacuoles of endo- 
plasmic reticulum with metachromatic 
granules. They are of interest because 
such findings have not been observed 
in HeLa cells, which in our experience 
have never shown production of muco- 
polysaccharides in tissue culture. No 
mitotic changes like those described 
for cobalt nitrate and other sulfhydryl 
reagents (/0) were observed in any of 
these ‘wo cell lines. The effects of the 
hexavalent salt in the nucleolus and its 
persistence after removal of the salt 
from the culture medium are particu- 
larly pertinent considering the very low 
concentrations of this salt required to 
react in vitro. The action of these 
cobalt salts seems to be different from 
those observed by Levy et al. (/1) 
with cobaltous sulfate in bacteria (Pro- 
teus vulgaris), which was able to arrest 
protein synthesis without halting RNA 
production. 

Our results suggest that at very low 
concentrations trivalent cobaltous salts 
act upon cytoplasmatic RNA and sul- 
fated mucopolysaccharide while the 
hexavalent salt reacts more specifically 
with nuclear RNA. These results sup- 
port the hypothesis that complex cations 
capable of reacting with polyanions in 
solution exert morphological effects 
upon living cells at sites where poly- 
anions are present, their degree and site 
of action depending on the cell type 
used and on the ability of the cells to 
produce mucopolysaccharides in vitro 
(12). 


_~ 


ABEL A. LAZZARINI, JR. 
GERALD WEISSMANN 
Departments of Surgery and Medicine, 
New York University College of 
Medicine, New York 





References and Notes 


1. G. Weissmann, J. Potter, R. T. McCluskey, 
M. Schubert, Proc. Soc. Exptl. Biol. Med. 
102, 584 (1959). 

2. G. Weissmann, ibid., in press. 

3. M. Vouras and M. Schubert, J. Am. Chem. 
Soc. 79, 792 (1957). 

4. G. Weissmann, ASTM X-ray Powder Pattern 
File No. 10 (1960). 

5. I. Malawista and M. Schubert, J. Biol. Chem. 
230, 535 (1958). 

6. We thank Dr. Maxwell Schubert for his 
generosity in supplying the cobalt salts used 
and for his kind advice. 

7. A. A. Lazzarini, Circulation 12, 738 (1955). 

8. A. A. Lazzarini, unpublished paper. 

9. G. O. Gey, W. O. Coffman, M. T. Kubicek, 
Cancer Research 12, 264 (1952). 

10. J. J. Biesele, Mitotic Poisons and the Cancer 
Problem, (Van Nostrand, New York, 1958). 

11. H. B. Levy, E. T. Skutch, A. L. Schade, 
Arch. Biochem. 24, 199 (1949). 

2. This work was aided by grants from the 
U.S. Public Health Service (2471 and 
H2022). This work was done during the 
tenure of an established investigatorship of 
the American Heart Association (A.A.L.) 
and a fellowship from the Arthritis and 
Rheumatism Foundation (G.W.). 


8 February 1960 


Hypothesis Concerning the Role of 
Follicular Contractions in Ovulation 


Abstract. Autotransplants of ovarian tis- 
sue in the anterior chamber of the eye may 
be studied in the lightly anesthetized rab- 
bit. Individual follicles in such implants, 
consisting of two to five follicles, have 
been observed to contract after subcuta- 
neous injection of urine of pregnant wom- 
en, after application of rat pituitary ho- 
mogenate to the cornea, and 9 to 10 hours 
after cervical stimulation. 


Although the presence of smooth 
muscle in the theca externa of the 
ovarian follicle of the rabbit was first 
reported by Thomson (/), neither he 
nor Guttmacher and Guttmacher 
(working with the sow) (2) succeeded 
in demonstrating functional activity in 
this muscle. The Guttmachers in 1921 
attempted to induce the smooth muscle 
of the sow’s ovarian theca externa to 
contract by means of electrical excita- 
tion and application of acid, alkali, 
and barium chloride solutions. These 
stimuli, where successful, were un- 
physiological, and although these work- 
ers suggested that the follicular muscle 
coat might be involved in the mecha- 
nism of ovulation, they failed to sub- 
stantiate their hypothesis. 

The observations reported here de- 
fine a physiological role for the smooth 
muscle present in the theca externa. 
Such a role has been largely discounted 
because of two sets of experimental ob- 
servations. Friedman (3) demonstrated 
that ovulation could occur in ovarian 
implants in the rectus muscle, and Hin- 
sey and Markee (4) found that ovula- 
tion occurred in the denervated ovary. 

Autotransplants of small numbers of 
ovarian follicles in the anterior cham- 
ber of the eye may be studied in the 
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™ ett i . a 
Fig. 1. Mature ovarian follicle in the an- 
terior chamber of the rabbit eye. (a) Sec- 
tion through cornea; (b) section of wall 
shown in Fig. 2 (Gomori trichrome, about 
as Ys 


lightly anesthetized rabbit. Implants 
were made into both eyes of several 
animals. Contractions were observed in 
one eye in each of two animals. The 
contractions involved individual fol- 
licles and caused changes in shape from 
the spherical to the elipsoidal form. 
Implanted follicles grow, become 
filled with fluid, contain an ovum, and 
remain turgid for several months (Fig. 
1). Figure 2 shows the organization of 
the follicular wall and the presence of 
spindle-shaped cells. We assume that 
these cells are the smooth-muscle cells 
that give rise to the contractions. 
Contractions may be induced by sev- 
eral methods. Subcutaneous injection of 
2 ml of ether-extracted urine obtained 
from pregnant women during their first 





Fig. 2. Segment of thecal wall containing three layers: (a) granulosa; (b) theca interna; 
(c) theca externa (Gomori trichome, x 380). Inset shows c, at magnification of 1000, 
composed chiefly of spindle-shaped smooth-muscle fibers. 
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trimester induced the appearance of 
contractions from 8 to 180 minutes 
after administration of the urine. The 
frequency of contraction was between 
1 and 5 per minute. It is well estab- 
lished that ovulation in the rabbit oc- 
curs 9 to 10 hours after either mating 
or cervical stimulation (5). Nine hours 
after electrical stimulation of the cervix 
contractions appeared and _ persisted 
for approximately 2 hours. Marked 
contractions followed the application 
of a homogenate, prepared from an 
acetone-extracted rat pituitary, to the 
surface of the eye. This response is not 
obtained by direct application to the 
cornea of one drop of 1:100,000 epine- 
phrine, one drop of 0.1-percent solu- 
tion of acetylcholine, or one drop of 
1 USP unit (oxytocic activity) of pos- 
terior pituitary extract. Hence it is very 
likely that the force responsible for 
the delivery of the ovum from the fol- 
licle is the series of contractions that 
pass over the ripe ovarian follicle, and 
that these are induced as a result of 
the release of luteinizing hormone. 

A complete hypothesis of ovulation 
probably involves (i) release of the 
ovulation-inducing hormone, tentatively 
assumed to be luteinizing hormone (6); 
(ii) modification of the germinal epi- 
thelium by proteolysis (7); (iii) rapid 
swelling caused by increased secretory 
activity or depolymerization, or both, 
of the constituents of the liquor folli- 
culi with a consequent increase in os- 
motic pressure (8); and (iv) contrac- 
tions of smooth muscle in the theca 
externa to assist the rupture of the 
thecal wall at the stigma and facilitate 
the ejection of the intrafollicular con- 














tents. Such a mechanism appears nec- 
essary to account for the continued 
ejection of the intrafollicular contents 
after the pressures caused by osmotic 
forces are neutralized after rupture (9), 
H. J. Lipner 
Barry A. MAXWELL 
Division of Physiology, Department 
of Biological Sciences, Florida State 
University, Tallahassee 
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Finite Radiocarbon Dates of 
the Port Talbot Interstadial 
Deposits in Southern Ontario 


Abstract. Three new finite radiocarbon 
dates suggest that (i) the thermal maxi- 
mum of the Port Talbot interstadial oc- 
curred prior to 47,000 years before the 
present and (ii) the interstadial deposits 
were overridden by a glacial advance ap- 
proximately 44,000 years before the pres- 
ent. To facilitate correlations with other 
areas, new rock-stratigraphic names are 
proposed for the Port Talbot type section. 


New stratigraphic divisions of the last 
ice age, several of them older than the 
classical Wisconsin glacial stage, have 
been proposed by Dreimanis (/) since 
1957. Unfortunately the radiocarbon 
dates of the principal new unit, the Port 
Talbot interstadial, were not finite. 
These dates (samples L-185A, L-217A, 
L-370A, L-440, W-100, S-7, and S-46; 
see /, 2) ranged from older than 25,000 
to older than 40,000 years. Therefore, 
several readers of the articles cited (/) 
and participants of the Friends of the 
Pleistocene 1959 field conference (3) 
have expressed doubt that this inter- 
stadial is younger than the last, or 
Sangamon, warm interglacial. 

H. de Vries considered it worth 
while to try to obtain new radiocarbon 
dates, beyond the previous range of dat- 
ing, at the Radiocarbon Laboratory of 
the University of Groningen. We col- 
lected gyttja from the Port Talbot inter- 
stadial site in the summer of 1958, but 
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subsequent examination showed that 
the sample was unsuitable because re- 
cent rootlets were present. We took a 
new sample, a monolith of about 25 
pounds of gyttja, at the type section of 
the Port Talbot interstadial in July 1959 
[6 ft inside the base of the cliff, at the 
56-ft point of the geologic section, as 
shown in Fig. 2 of (4)]. The silt and 
gyttja surrounding the monolith were 
checked carefully, and no rootlets were 
found. 

The first date, obtained from an un- 
enriched sample of the gyttja (Gro- 
2570), was 47,000 + 2500 years before 
the present (B.P.) (5). The final date 
(Gro-2597 and Gro-2601), after en- 
richment, was in very good agreement: 
47,500 + 250 years B.P.; the error of 
+ 250 is the statistical error in the ac- 
tivity only, and does not include the 
errors in the enrichment factors (6). 

The new finite dates refer to the sec- 
ond half of the Port Talbot interstadial, 


for a palynological study (7) suggested 
that the gyttja was younger than the 
thermal maximum of this interstadial. 
The underlying silt, deposited during 
the first half of the interstadial, con- 
tained only a few organic remains, not 
enough for radiocarbon dating. 

New fragments of wood were found 
in 1959, also in the till (f:) which over- 
lies the Port Talbot interstadial beds. 
Wood from this area has been previous- 
ly dated (samples S-46 and L-440), also 
giving infiniie dates. The new finite date 
(Gro-2580) is 44,200 + 1500 B.P. (8). 
It is in very good agreement with the 
dates of the stratigraphically older 
gyttja, indicating the time when the 
Port Talbot interstadial deposits became 
overridden by a glacial advance in the 
central portion of Lake Erie basin. 

The new Groningen radiocarbon 
dates make it possible to outline the 
preclassical Wisconsin stratigraphic 
units in southwestern Ontario more ac- 


Table 1. Wisconsin glacial and interstadial deposits at Port Talbot, Ontario. 











New local — etecalie 6 
stratigraphic names C™“ Age and ee ee eee 
(with comments reference No. 
oa &™ aga) 1958 (11) 1957 (12) 

Port Stanley drift Upper tills Clayey upper 
(h) and (j), till No. 4, 
lacustrine lacustrine 
clay (i) clay 

Lake Erie inter- Unconformity Lacustrine 

stadial beds (13) (lacustrine clay and 
deposits silt 
elsewhere) 

Catfish Creek Sandy lower Sandy lower 
drift till (g) till No. 3 
Plum Point inter- 24,600-+- 1,600 Plum Point Plum Point 
stadial beds (not (L-217B) interstadial interstadial 
in situ-C™ 27,500+ 1,200 wood (re- 
dates of wood (W-177) worked) 

from the Catfish 28,200+ 1,500 
Creek drift) (L-185B) 

Southwold drift Clayey Gravelly 
gravel (f,), lower till 
till (f,), No. 2; 
lacustrine gravel, lacu- 
clay (e) strine clay 

Port Talbot Port Talbot Port Talbot 

interstadial intersta- interstadial 
beds dial gyttja gyttja and 
and silt (c) silt 

a) end of the 44,200+1500 , 
interstadial: (Gro-2580) 
wood in the 
Southwold drift 
b) second half of 47,500+250 
the intersta- (Gro-2597 
dial: gyttja and Gro-2601) 

47,000+2500 

(Gro-2570) 

Dunwich drift Lowermost Sandy lower 
till (a) till No. 1 
and varved and varved 
clay (b) clay 
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curately than ' fore. To facilitate cor- 
relation with other similar Pleistocene 
sections, Dreimanis proposes new local 
rock stratigraphic terms for the drifts 
overlying and underlying the Port Tal- 
bot interstadial beds, as shown in Table 
I: 

Frye and Willman (9) have recently 
proposed a revised classification of the 
Wisconsin stage of the Lake Michigan 
lobe, suggesting that the Farmdalian 
substage was a major interval of glacial 
withdrawal. Comparison of radiocarbon 
dates indicate that the Plum Point inter- 
stadial may be correlated with the 
Farmdalian. Only one glacial substage 
(the Altonian), older than the Farm- 
dalian, has been proposed for the Lake 
Michigan lobe by Frye and Willman. 
The Port Talbot section suggests at 
least two glacial substages and one in- 
terstadial Wisconsin substage in the 
Lake Erie lobe area of southwestern 
Ontario before the Farmdalian (/0). 

HESSEL DE VRIES* 

Natuurkundig Laboratorium 
der Rijks-Universiteit te Groningen, 
Groningen, Netherlands 

ALEKSIS DREIMANIS 
Department of Geology, 
University of Western Ontario, 
London, Canada 
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in 
‘Baker Analyzed’ 
Reagents 


The J. T. Baker Chemical Co. is 
pleased to announce the addition 
to its line of some further metal, 
oxidation-reduction and acid-base 
indicators. The complete line is 
listed below. 


Metal Indicators now offered by 
J. T. Baker include: 


1482 Calcon 

1952 Dithizone 

1954 Eriochrome Black T 
2716 Murexide 

8994 PAN 

3351 Pyrocatechol Violet 
0300 Salicylic Acid 

0364 Sulfosalicylic Acid 
4123 Thiourea 

4125 Thorin 

4236 Zincon 


Oxidation-Reduction Indicators 
now offered by J. T. Baker include: 


0995 Barium Diphenylaminesulfonate, Reagent 
1944 Diphenylamine, Reagent 

1947 Diphenylthenzidine, Reagent 

2696 Methyl Red, Reagent 

8458 o-Phenanthroline, Reagent 

3680 Sodium Diphenylaminesulfonate, Reagent 
4230 Variamine Blue B Hydrochloride, Reagent 











Acid-Base Indicators now offered 
by J. T. Baker include: 


0939 Azo Violet, Reagent 

1758 Crystal Violet, Reagent 
2694 Methyl Orange, Reagent 
2696 Methyl Red, Reagent 
2705 Methyl Violet, Reageat 
2706 Methyl Yellow, Reagent 
2746 Neutral Red, Reagent 
2870 Phenolphthalein, Reagent 
0276 Picric Acid, Reagent 
4129 Thymol Blue, Reagent 
4132 Thymolphthalein, Reagent 


These J. T. Baker indicators can 
be ordered from your favorite 
J. T. Baker laboratory supply 
distributor. 


J.T. Baker Chemical Co. 


Phillipsburg, 








J.T.Baker New Jersey 
Ie Ra, mis Y 
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Letters 


(Continued from page 1700) 


improper, since many of the objective 
items measured behavior 
more adequately designated as distress, 
disturbance, yearning, and displaced 
aggression. The term disturbance index 
could be substituted for emotionality 
index without semantic loss and, prob- 
ably, without semantic gain. 

Harry F. HaRLOw 
Department of Psychology, 
University of Wisconsin, Madison 


Small Colleges and Small Minds 


The lack of interest of some teach- 
ers in research, discussed in the editori- 
al of 8 January [Science 131, 71 
(1960)], is disturbing, but so also are 
some aspects of the editorial itself. 

The heading “Small colleges and 
small minds” implies that these go to- 
gether. This guilt-by-association tech- 
nique is used several times in the edi- 
torial, though the man whose views are 
cited as the basis for the editorial is the 
president of a “small college.” Is there 
evidence for a larger proportion of so- 
called small minds in small colleges? 

The following statement is perhaps 
the worst part: “The core of the argu- 
ment for scientific research . . . is that 
while there may be good research 
scientists who are not good teachers, 
the evidence is that there are no good 
teachers whose competence is not in- 
creased by good scholarship.” Ostensi- 
bly this places the research scientist 
above reproach and leaves the incubus 
on the teacher. Actually, the statement 
is a non sequitur, and its converse is 
equally true—and unfair, in turn, to 
the research scientist. It is suggested 
that the reader substitute the word 
editors for teachers (he will find it 
equally correct). Competence in any 
profession would be increased by good 
scholarship, as the editorial in question 
seems to illustrate. 

After this unfair statement the editor 
changes from “good scholarship” to 
“research” in the next sentence, which 
again helps to put the research scientist 
beyond criticism and implies criticism 
of the teacher. Had he chosen to make 
a straightforward statement of what he 
implies it might have read something 





| like this: “While there may be good 


research scientists who are not good 
teachers, the evidence is that there are 
no good teachers who are not good re- 
search scientists.” This is, I suggest, 
rather untenable. 

In the next paragraph we are told: 
“A prominent figure on many campuses 


is the instructor who is forever mark- 
ing exams, grading papers, and draw- 
ing curves representing his students’ 
performance.” With our present grad- 
ing system instructors are inevitably 
marking exams, and so on, but the 
editor is depreciating the teacher with 
the guilt-by-association technique again, 
for he indicates that these instructors 
have “schemes” of a detrimental na- 
ture. But the scientist could be given 
the same unjust treatment, in very 
similar phrases: “A prominent figure 
in many research laboratories is the 
scientist who is forever looking at 
figures, evaluating data, and drawing 
curves representing his results. He is 
full of schemes . . . that if instituted 
would require the assistance of all his 
colleagues.” Though, curiously, in this 
case involving one’s colleagues becomes 
a virtue and is extolled under the name 
of “scientific teamwork.” 

But this is not all. Having implied 
that no research means no scholarship. 
the editor completes his degradation of 
the teacher in the next sentence by sug- 
gesting that those concerned with stu- 
dents’ performance are even against 
reading books! 

In the last paragraph the editor 
proposes the right question, but for 
the wrong schools, when he. asks: 
“But why in small colleges should some 
instructors oppose the recognition of 
good research as a consideration sec- 
ond to good teaching?” In so far as 
this opposition exists, it is typical not 
of the small school but of the large 
school with an extensive graduate pro- 
gram, where .some instructors want 
recognition of good research first and 
of good teaching second, if at all. In 
large measure the apparent hostility 
toward research in the small college 
is manifested by instructors who do not 
Oppose research as such, but oppose the 
evaluation of good teaching as a con- 
sideration second to good research, be- 
cause they have seen the unfortunate 
results of this practice, especially since 
all too often a department finds itself 
with “research scientists who are not 
good teachers.” 

WILLIAM K. NOoYCE 
University of Arkansas, Fayetteville 


It was with considerable interest that 
we read your editorial “Small colleges 
and small minds,” for here at Wilkes 
College the subject of research in small 
colleges has been of more than aca- 
demic interest. Wilkes, I believe, would 
fulfill your criteria for a small inde- 
pendent liberal arts college. Our experi- 
ence in the initiation and conduct of a 
research-teaching program has_ been 
satisfactory and rewarding. A sum- 
mary of our findings may be of interest 
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Kodak reports on: 


color lore that might have bored Goethe to death... what to do with wiggle-bearing paper... 
correspondence concerning dimerization of cyanamide 


Gelatin responsibly dyed 


A rich legacy of heuristic nonsense has 
been accumulating for generations in 
the next region of the electromagnetic 
spectrum over from the infrared, where 
the eye reigns supreme as the receptor 
and has qualified every seeing, thinking 
man to hold opinions. Even the mighty 
Johann Wolfgang Goethe, author not 
only of “‘Faust’’ but also of ‘Die Far- 
benlehre,” put in his zweipfennig worth. 

Amid rampant intellectuality, it has 
behooved us to tread lightly and con- 
fine our thinking to such farbenlehre 
as will fit us the better to flood the 
earth with color photography, myriad- 
colored Tenite plastics, color-locked 
Chromspun fibers, and Eastman tex- 
tile dyes. Plus another field of dye art, 
tiny in economic comparison and dis- 
proportionately demanding in techni- 
cal patience but important to those 
who, whatever their theories or pur- 
poses, wish to modify spectral distri- 
bution or overall intensity of light in 
systematic, quantitative, reproducible, 
simple, and inexpensive fashion. We 
refer to the celebrated little marvel of 
precision dye chemistry, the Kodak 
Wratten Filter of uniform gelatin, with 
or without glass mounting. 

The reason we refer to it is that the new 
20th edition of “‘Kodak Wratten Filters for 
Scientific and Technical Use,” containing 
81 pages of curves, data, and other useful 
information, is now obtainable from well- 
stocked photographic stores for 75¢ or from 


Eastman Kodak Company, Sales Service 
Division, Rochester 4, N. Y. 


Back from the brink 


When visitors come shuffling thtough 
your laboratory, it makes a terrific im- 
pression to show you are equipped for: 
Infrared absorption spectroscopy 
Ultraviolet absorption spectroscopy 
Visibie absorption spectroscopy 
X-ray diffraction 
Nuclear magnetic resonance spec- 
troscopy 
Fluorescence spectroscopy 
Raman spectroscopy : 
Mass spectroscopy 
Gas chromatography 
Miscellaneous analytical methods 
like polarography 
Miscellaneous physical testing 
methods 
Aside from creating an impression, 
these procedures generate strips of pa- 
per bearing wiggles. That there would 


be produced many such useful strips 
of wiggles to keep and compare had 
justified the acquisition of the instru- 
mentation. The truer this has proved, 
the worse you may need help. We our- 
selves did. Fortunately, as we ap- 
proached the brink of madness in cop- 
ing with the sheer volume of spectro- 
photometric curves generated at the 
research laboratories of our division, 
Tennessee Eastman Company, we were 
able to call on our subsidiary, Recor- 
dak Corporation. 


The Recordak people are experts at 
working out systems that combine micro- 





Neat, like this. 


filming with punched cards. They say they 
would be willing to help you, too. They 
suggest you write them at 415 Madison 
Avenue, New York 17, N. Y., for a copy 
of “The Use of Aperture Cards for the 
Consolidation of Spectrophotometric Data.” 


Suggestion to Ames, lowa 


Cyanamide (note the “‘e”’; very, very, 
VERY important) is not stable. On 
that, Walter R. Hearn of Iowa State 
University and we agree. Dr. Hearn is 
interested in guanidation of amino 

groups in peptides and protein, i.e. 

RCHCOOH —> RCHCOOH 

| | 
NH, < 
fe =NH 
H.N 

This can be accomplished with 
cyanamide (HzNC=N) and some of 
its derivatives. There was a problem. 
In thinking of well-known chemical 
houses with whom to take up a prob- 
lem involving cyanamide, one doesn’t 
necessarily think first of us, but Dr. 
Hearn had somehow formed the im- 
pression that we were friendly fellows. 
Another factor which might have con- 
tributed to his decision to write us was 
the fact that six bottles of cyanamide 
in his stockroom, which showed melt- 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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ing points as much as 150° higher than 
they were supposed to, happened to 
bear our P1995 label. 

Well, sir, we did prove friendly. 

We pointed in a friendly way to the 
“Practical” on that label as an open 
admission that the Cyanamide prob- 
ably wasn’t all cyanamide, though it 
had been originally. We said that to 
retard dimerization we kept our stock 
of Cyanamide under refrigeration and 
advised him to do likewise. We sug- 
gested he reclaim the undimerized por- 
tion of his stock by dissolving in ten 
parts or more of ether, filtering off any 
dimer, and concentrating the filtrate 
below 35°C at all times. We warned 
him not to dissolve in less ether be- 
cause he’d get dimer into solution. 

We also answered his question of 
why our Cyanamide (Practical) was 
25 times as expensive as one of the 
cyanamide derivatives that he used, 
our S-Methyl-2-thiopseudourea Sulfate 
(Eastman 1231), 


ax = NH 


| - H.SO, 
SCH; /:2 


by explaining we did not make the 
latter from pesky cyanamide. 

We further suggested how he might 
obtain the oxygen analog of this 
isothiouronium salt which he pre- 
ferred for some of his guanidation 
operations. We referred him to a paper 
by one of our cousins at Kodak 
Limited in England (Journal of the 
Chemical Society, 1955, 3551), where 
cyanamide is by-passed by smooth 
methylation of urea with methyl 
toluene-p-sulfonate to give a good 
yield of readily isolated product. Fi- 
nally we proposed that if he did not 
want to try this himself we would, for 
96 bucks, cash on the barrelhead, de- 
liver to him 500 grams of O-methyl-2- 
pseudourea sulfate. 

That ought to teach Walter R. Hearn 
of Ames, Iowa, not to begin a letter 
with, “Since you have not acknowl- 
edged my letter of September 22, I 
thought perhaps you had gone out of 
business.” 

We thought everybody knew that we're 
still in business. After all, don’t we keep 
advertising that there are some 3800 or- 
ganic chemicals available from Distilla- 
tion Products Industries, Rochester 3, 
N. Y. (Division of Eastman Kodak Com- 
pany)? 


Prices quoted are subject to 
change without notice. 
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ISOTOPES 


for Your 
Development Work 


Oak Ridge National Laboratory offers 
more than 300 radioactive and stable 
isotope products. 


RADIOISOTOPES 


Fission Products—Kilocurie quantities 
of cerium-144, cesium-137, promethium- 
147 and strontium-90 available. Orders 
for sources will be completed to your 
specifications. 

Processed Solutions—90 processed ra- 
dioisotopes may be obtained, including 
many carrier-free and high specific activ- 
ity products. 


STABLE ISOTOPES 


@ More than 200 stable isotopes 
available from 50 elements. 
@ Chemical processing and target 
fabrication services also offered. 
@ Ultra-high isotopic purity in a 
number of isotopes. 
For information or literature, write to: 
Isotopes Division, Oak Ridge National 
Laboratory, P.O. Box X, Oak Ridge, 


Tennessee. 
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to a general scientific audience. We 
published a fuller description in the 
AIBS Bulletin [8, 16 (1958)]. 

We found at Wilkes that the mini- 
mum prerequisites for establishing a 
research program are: teachers with an 
interest in conducting investigations and 
with the ability to communicate that 
interest to students; a sympathetic at- 
titude on the part of the college ad- 
ministration; realization that the merit 
of a given piece of research is not 
measured only by the magnitude of the 
study or by the amount of technical 
apparatus it. requires; selection of a 
problem suitable for investigation by a 
group; adaptation of student laboratory 
equipment for special needs and utiliza- 
tion of existing classroom space by ap- 
propriate planning; enlistment of the 
librarians of the college in seeking the 
cooperation of local hospital and in- 
dustrial libraries and that of university 
and governmental library loan and 
microfilming services; use of under- 
graduate assistants—under supervision 
they have often proved as valuable as 
the average technician working solely 
for a salary; and, finally, invitation of 
scientists residing in the community to 
participate in the research-teaching 
program. 

SHELDON G. COHEN 

CHARLES B. REIF 

Department of Biology, Wilkes College, 
Wilkes-Barre, Pennsylvania 


From my limited experience it would 
seem that problems of opposition to re- 
search on the part of any college staff 
member are minor. The real problem, 
as usual, is one of finance or stimulation 
of interest. Small colleges are not even 
in the running when it comes to the 
money spent by the larger institutions 
just to line up federal grants, to lobby 
the legislature, or to secure research 
money from industry or philanthropical 
organizations. 

The faculty and students in most 
colleges are usually a step or two ahead 
of the administration and sources of in- 
come both as to the desirability of re- 
search and the time and minor facilities 
necessary to be devoted to studies. 

A. D. MOINAT 
Colorado State College, Greeley 


It is easy to agree with Wiggers 
[Science 131, 942 (25 March 1960)} 
that “larger colleges do not have a 
monopoly on students with ability, 
curiosity, and desire.” This is a truism. 
What he overlooks in asserting that 
smaller colleges do not supply their 
share of the scientific talent of the 
country is that they have, in fact, pro- 
vided a disproportionate share of sci- 
entific personnel. As reported in the 


October 1948 issue of Fortune and in 
the study of the origins of American 
scientists by R. H. Knapp (1952), one 
of the anomalous conclusions was that 
most Ph.D.’s in science received their 
undergraduate training in small and 
even obscure colleges. The productivity 
of these smaller colleges, measured as 
a proportion of the number of gradu- 
ates, contrasts strangely with the low 
productivity of larger institutions famed 
for research and staffed by prominent 
scientists. Most of the faculty members 
responsible for stimulating these under- 
graduates to pursue scientific careers 
were not themselves well known as 
researchers. 

Reportedly, in recent years the larger 
and wealthier institutions have per- 
formed somewhat better in fulfilling 
their obligation to provide inspiration, 
challenges, and opportunities leading to 
scientific careers. 

It may be that the commonly over- 
worked science teacher in the smaller 
college somehow transferred his own 
thwarted research ambitions and moti- 
vation to students who showed promise 
and interest in a scientific career. What- 
ever the explanation, it is unfair to 
castigate these persons and institutions 
for not producing scientists when they 
have produced scientists and scholars 
in larger proportion than their num- 
bers, faculty, facilities, or financial 
status would seem to warrant. 

RoBERT P. McINTOSH 
University of Notre Dame, 
Notre Dame, Indiana 


The responses of Wiggers and of 
Allen to the editorial “Small colleges 
and small minds” reflect two views on 
the subject of teaching and research in 
the small college neither of which are 
entirely realistic. I am in a position to 
know that research of a serious nature 
not only can be pursued in a small 
college but serves as a potent stimulus 
to student curiosity and interest and 
gives the staff member a sense of ful- 
fillment which teaching alone seldom 
does. Allen’s rather cynical comment 
that “teaching should be more than a 
meal ticket for researchers” should not 
be considered a _ universal attitude 
among college scientists. 

At this college and in this department 
the research program during the aca- 
demic year is necessarily curtailed be- 
cause of teaching duties. But there are 
virtually 4 months of summer during 
which research is pursued without in- 
terruption. In the early stages support 
must be had from the college itself, but 
if the caliber of the research is suffi- 
ciently high, outside support in the 
form of grants is available. 

No matter how much this subject 
of college research is kicked around, 
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Bird, Continuous Feed 


KYMOGRAPH 


The outstanding features of modern industrial recorders are 
retained in this instrument without losing the versatility 
necessary for kymograph work. Ink writing levers are used 
exclusively. 


The machine feeds an 80 foot roll of paper, 6 inches wide, 
at any of its eight speeds. Four of these are had with ex- 
ternal gears of 40 and 56 teeth in one position, by simply 
operating a gear-shift knob. By reversing the external gears, 
four additional speeds become available. 

Cat. No. 70-140 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 
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To the Memory of Charles Darwin 
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of scientific names, references, cloth 
AAAS members’ cash orders $10.50, Retail $12.00 
August 1957 Stanford Symposium: 

The Origins and Affinities of the 
Land and Freshwater Fauna 
of Western North America 
December 1957 Indianapolis Symposium: 
Some Unsolved Problems in Biology, 1957: 
Geographic Distribution of 
Contemporary Organisms 
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. a kinetic approach, concerned with processes 
and explanations 
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covered—topics stressed—angle of approach 
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WARING’S 
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FOR USE a IN ALL 
| LOCATIONS’ 









MODEL EP-1 


Introduced recently, Waring’s new Explosion-Proof 
Blendor Base already has been recognized by safety 
committees throughout the country as the answer to 
safely blending materials at high speed wherever haz- 
ardous atmospheres exist. Exposed motor arcing is com- 
pletely eliminated. Even the most critical blending 
operations may now be performed with safety in areas 
that are permeated with flammable gases or vapors likely 
to produce explosive or ignitible mixtures. No wonder 
this exclusive Waring Explosion-Proof Blendor Base has 
had wide, enthusiastic acceptance in the chemical, petro- 
leum and other industries! 


SPECIFICATIONS: Lifetime-lubricated motor is wired 
for 2 speeds; % H.P.; 120 volts; AC-DC; 25-60 cycles; 
4.2 amps. Stainless steel container (shown) or Pyrex 


container, both with 37%-ounce capacity, may be used. 
*Class I—Group D Rating 


WARING PRODUCTS CORPORATION 


25 West 43rd Street, New York 36, N. Y. 
A subsidiary of Dynamics Corporation of America 
GENTLEMEN: 


NAME YOUR BLENDING PROBLEM 
Waring Engineers will help you solve it. 

I want full specification data on the new Explosion-Proof 

Waring Laboratory Blendor Base. 
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13 Noted Scientists Present 


A SPACE AGE SYMPOSIUM... 


Robert Jastrow 
Fred L. Whipple 
Thomas Gold 
Eugene Parker 
James A. Van Allen 
N. C. Christofilos 
Homer E. Newell 
Gerard P. Kuiper 
Harold C. Urey 

G. de Vaucouleurs 
Herbert Friedman 
Leo Goldberg 

J. W. Townsend, Jr, 


THE EXPLORATION OF SPACE 


edited by Robert Jastrow 
illustrated, $5.50 

Van Allen discusses the geomagneti- 
cally trapped corpuscular radiation; 
Christofilos Teports on “The Argus 
Experiment;” de Vaucouleurs, on Mars 
and Venus; Goldberg, on astronomy 
from satellites and space vehicles; 
Whipple, on solid particles in the 
solar system. Other vital topics include 
rocket astronomy, plasma and magnet- 
ic fields in the solar system, the U.S. 
space-exploration program, and the 
U.S.S.R. report of an active volcano 
on the moon. 
Order Today From Your Nearest 

Bookstore Or Write Dept. SC-2. 


The Macmillan 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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however, the fact remains that, wher- 
ever he may find himself, the scientist 
who pursues research out of a deep 
inner urge to do so will find ways and 
means of satisfying his needs. It is this 
individual and not the opportunist who 
does research for what he may get out 
of it in the way of promotion who will, 
with some support, reveal the now 
almost hidden sources of research talent 
that are present in our small colleges. 
J. KENNETH DONAHUE 
Department of Biology, 
Utica College of Syracuse University, 
Utica, New York 


Obesity and Steroid Hormones 


In the 5 June 1959 issue of Science 
[129, 1546 (1959)] there appeared a 
report on “Storage of steroid hormones 
by adipose tissue in two experimen- 
tal obesities,” by Zomzely, Asti, and 
Mayer. 

This otherwise admirable article 
contains an inaccuracy in its reference 
to the studies of Gallagher, Fukushima, 
Barry, and Dobriner [Recent Progr. in 
Hormone Research 6, 131 (1951)]. In 
the last three sentences of the article 
by Zomzely et al. it is stated that a 
large amount of fat in obese individuals 
may favor retention of their own steroid 
hormones, and that storage of admin- 
istered hormones in fat depots might 
have therapeutic significance. The work 
of Gallagher et al. is cited in connec- 
tion with this statement. 

I did not detect any reference to this 
point of view in my examination of the 
article by Gallagher et al. However, an 
explicit prediction of the findings con- 
tained in the Science article, and of the 
probable importance of this in the con- 
trol of obese patients, was adumbrated 
by S. G. Margolin in a communication 
to me in 1953. 

With Margolin’s permission, his hy- 
pothesis was summarized in a chapter 
of a book in the editing of which | 
collaborated at about that time [E. D. 
Wittkower and R. A. Cleghorn, Eds., 
Recent Developments in Psychosomatic 
Medicine (Lippincott, Philadelphia, 
1954)]. It may be of some importance 
to draw attention to this, particularly 
because of one suggestion contained 
therein—namely, that in the dieting of 
obese patients, a reinforcement of the 
biological instinctual appetite to eat may 
occur with the release of steroid hor- 
mones as the patient reduces weight. 
No attention seems to have been paid 
to this point in the literature, and it is 
a suggestion of sufficient interest to be 
entertained. 

ROBERT A. CLEGHORN 
Allan Memorial Institute of 
Psychiatry, Montreal, Canada 
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Meetings 
Pacific Division, AAAS 


The 41st annual meeting of the Pa- 


cific Division of the AAAS will be held | 


at the University of Oregon, Eugene, 
13-18 June 1960. Arrangements are in 
charge of a local committee headed by 
Bradley T. Scheer, head of the depart- 
ment of biology, to whom inquiries re- 
garding the meeting should be ad- 
dressed. 

The president of the Pacific Division 
is Henry P. Hansen, dean of the Grad- 
uate School, Oregon State College, Cor- 
vallis. The retiring president is Henry 
Eyring, dean of the Graduate School of 
the University of Utah, Salt Lake City. 
The president elect is Wilbert A. Clem- 
ens, professor of zoology, emeritus, 
University of British Columbia, Van- 
couver. 

Among highlights of the Eugene 
meeting will be the divisional sympos- 
ium on man’s exploration of space and 
the presidential address, entitled “Cycies 
and Geochronology.” 

The 40th annual meeting, held in San 
Diego, 15-19 June 1959, was hosted 
by five local institutions: San Diego 
State College, the Scripps Institution of 
Oceanography (University of Califor- 
nia), the U.S. Navy Electronics Lab- 
oratory, the Zoological Society of San 
Diego, and the San Diego Society of 
Natural History. Local arrangements 
were ably handled by a committee 
headed by George E. Lindsay, director 
of the San Diego Museum of Natural 
History. Most of the sessions were held 
on the campus of San Diego State 
College. 

Outstanding among the many excel- 
lent programs were the divisional sym- 
posium on results of the International 
Geophysical Year, moderated by Joseph 
Kaplan, chairman of the U.S. Commit- 
tee for the IGY, and the presidential 
address of Henry Eyring entitled, “The 
Chemist Looks into the Future.” 

The total registered attendance of 
1448 included representatives of 37 so- 
cieties affiliated with the Pacific Divi- 
sion, a number of societies not affili- 
ated, and 207 persons who failed to 
note their society affiliations. The reg- 
istrants represented 17 states, the Dis- 
trict of Columbia, the Virgin Islands, 
the Canal Zone, and 13 countries other 
than the United States and Canada. 

RoBERT C. MILLER 
California Academy of Sciences, 
San Francisco, California 
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and for a stable, 
crystalline substrate 
all signs point to 
SCHWARZ ; 
DL-GLYCERALDEHYDE-3-PHOSPHATE DIETHYLACETAL. 


(catalog symbol-GAP) a." folate) ar-Talelaamey- 109) 
250 mg.... $8.50 1 gram... $30.00 
A simple procedure for the rapid conversion of GAP to o.-glyceraldehyde-3- 
phosphate is outlined in Bulletin No. 145. Copies are available on request. 
Schwarz BioResearch also makes many other materials that occupy important 
places on the complex map of metabolism. Included are Glucose 6-Phosphate, 
Ribose 5-Phosphate, Fructose 6-Phosphate, Phosphoglyceric Acid, Adenosine 
5’-Triphosphate, 2-Deoxy-p-Ribose, 2, 3-Diphosphoglycerate and others. These 
are listed ig@he new 1960 price list. Send for your free copy. 


SCHWARZ BIORESEARCH, INC. 

: Dept. 6B - Mount Vernon, N.Y. 
BIOCHEMICALS - RADIOCHEMICALS » PHARMACEUTICALS 
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Forthcoming Events 


July 
3-5. American Assoc. of Colleges of 
Pharmacy, Boulder, Colo. (G. L. Webster, 
College of Pharmacy, Univ. of Illinois, 
Chicago 12) 

4-8. Polarization Phenomena of Nucle- 
ons, symp., Basle, Switzerland. (K. P. 
Meyer, Physikalisches Institut der Uni- 
versitat Basle, Klingelbergstr. 82, Basle) 

5-9. Goiter Conf., 4th intern., London, 
England. (J. C. McClintock, 149% Wash- 
ington Ave., Albany 10, N.Y.) 

6-15. Entomological Conf., 7th Com- 
monwealth, London, England. (Common- 
wealth Inst. of Entomology, 56 Queen’s 
Gate, London, S.W.7) 

10-14. Pan American Tuberculosis 
Cong., 12th, Bahia, Brazil. (F. D. Gomez, 
26, de Marzo, 1065, Montevideo, Uru- 
guay) 

11-12. Response of Materials to High 
Velocity Deformation, conf., Estes Park, 
Colo. (AIME, 29 W. 39 St. New 
York 18) 

11-15. British Dental Assoc., annual, 
Edinburgh, Scotland. (Secretary, British 
Dental Assoc., 13 Hill St., Berkeley Sq., 
London, W.1, England) 

11-15. Royal Medico-Physiological As- 
soc., annual, London, England. (A. B. 
Monro, 11 Chandos St., Cavendish Sq., 
London, W.1) 

11-16. Inter-American Nuclear Energy 
Commission, 2nd meeting, Petropolis, Rio 
de Janeiro, Brazil. (J. D. Perkinson, Jr., 
Inter-American Nuclear Energy Commis- 


sion, c/o Pan American Union, Washing- 
ton 6) 

J1—18. Earthquake Engineering, 2nd 
world conf., Tokyo and Kyoto, Japan. 
(K. Muto, Organizing Committee, 2nd 
World Conf. on Earthquake Engineering, 
Science Council of Japan, Ueno Park, 
Taito-ku, Tokyo) 

11-22. Grassland Cong., 8th intern., 
Reading, Berks, England. (British Grass- 
land Soc., Grassland Research Inst., Hur- 
ley, North Maidenhead, Berks) 

15-22. Mycology, 6th Commonwealth 
conf., London, England. (Commv-wealth 
Mycological Inst., Ferry Lane, Kew, Sur- 
rey, England) 

18-22. International Conf. on Congen- 
ital Malformations, London, England. 
(S. E. Henwood, Intern. Medical Congress, 
Ltd., 120 Broadway, New York 5) 

18-22. Peaceful Application of Nuclear 
Energy, 3rd Inter-American symp., Pet- 
ropolis, Rio de Janeiro, Brazil. (J. D. 
Perkinson, Jr., Inter-American Nuclear 
Energy Commission, c/o Pan American 
Union, Washington 6) 

18-23. Endocrinology, 1st intern. cong., 
Copenhagen, Denmark. (G. Pincus, 1st 
Intern. Cong. of Endocrinology, Worcester 
Foundation, Shrewsbury, Mass.) 

18-25. French Asscc. for the Advance- 
ment of Science, 79th cong., Grenoble. 
(Association Francaise pour |’Avancement 
des Sciences, 28 rue Serpente, Paris 6°) 

19-22. International Conf. on Scien- 
tific Problems of Crop Protection, Buda- 
pest, Hungary. (Z. Kiraly, Research Inst. 
for Plant Protection, Budapest) 

21-27. Medical Electronics, 3rd intern. 
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conf., Olympia, London, England. (Secre- 
tary, Institution of Electrical Engineers, 
Savoy Pl., London, W.C.2) 

23-28. Otolaryngology, 7th intern. cong,, 
Paris, France. (H. Guillon, 6, avenue Mac- 
Mahon, Paris, 17°) 

24-19. Modern Physical Theories and 
Associated Mathematical Developments, 
Boulder, Colo. (K. O. Friedricks, New 
York Univ., 25 Waverly Pl., New York) 

25-6. International Assoc. of Physical 
Oceanography, 13th general assembly, 
Helsinki, Finland. (B. Kullenberg, c/o 
Oceanografiska Institutet, P.O. Box 1038, 
Goteborg 4, Sweden) 

26-28. Poliomyelitis, 5th intern, conf. 
Copenhagen, Denmark. (S. E. Henwood, 
International Poliomyelitis Congress, 120 
Broadway, New York 5) 

27-12. Mathematical Statistics and 
Probability, symp., Berkeley, Calif. (A. P. 
Burroughs, Air Force Office of Scientific 
Research, Research Information Office, 
AFOSR/USAF, Washington 25) 

28-29. Computers and Data Processing, 
7th annual symp., Estes Park, Colo. (W. 
H. Eichelberger, Denver Research Inst. 
Univ. of Denver, Denver 10, Colo.) 

30-6. Institute on Religion in an Age 
of Science, 7th annual conf., Star Island, 
N.H. (R. Burhoe, American Acad. of Arts 
and Sciences, 280 Newton St., Brookline 


46, Mass.) 
31-5, Alcohol and Alcoholism, 26th 
intern. cong., Stockholm, Sweden. (A. 


Tongue, Bureau International contre ]’Al- 
coolisme, Case Gare 49, Lausanne, Swit- 
zerland) 

(See issue of 20 May for comprehensive list) 





CELLS 








GLASS ABSORPTION 





SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


made 
by 


KLETT 

















Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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ong, sessessesseeeeesS LOW AS $110 G52 
Mac- ' 
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oil Both models offer... sharp clear erect image + large depth a oe oy aF 
oa of focus + wide field + long working distance + interpupillary ES ES ar : 
New and diopter adjustments + rack and pinion focusing + coated optics 
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sical 7 
nbly, 
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1038, 
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vood, 
120 
and are 
A: 3: 3 5 a ae ger ay 
sntific y —* 
Yffice, Large Capacity, Powerful Rotary Tier Shaker 
i | Precision Built for Continuous Duty 
ssing, - a : : 3 
. (W. MSL - — » MSHL — a versatile ® Variable speeds of 150-350 rpm, with 2” stroke. 
: budget priced  instru- general purpose instru- : stews 
Inst. ant. \Veriicak hinoeaiar ment with a wide renee ® Heavy duty, 5 eccentric shaft stabilizing system. 
).) body. Choice of single pM ern In- ® Positive, uniform shaking to ALL flasks. 
| Age gp re from wipe volving sasealace’’ tee © Continuous, quiet, cool and dependable operation. 
sland, ah. Extra, eyeqeces fer rapid interchange of ob- e F 
A additional powers, jectives. Model MSHL-1 Holds a variety of flasks on 6 removable trays. 
; Arts $19.50 per pair. $110 a with objectives: 1X, 2X, ® Model TR available with reciprocating motion. 
se: ACCESSORY STAND — For use isX:magnihcation tance? 
— For use 15X;magnification range: : 
tse a with binocular head and focusing 8X-A5X.- Other magnifi Write for Catalog G52-610S 
26th ‘DAY TRIAL... WRITE mechanism of either Model MSL. cation ranges 67 
(A. FOR FREE CATALOG 4D-2 or MSHL. Price (stand only), $75. available. $2 NEW BRUNSWICK SCIENTIFIC CO., INC. 
. PAl- PRECISION LABORATORY APPARATUS 
S Se INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. 
me UNI TRON 204-206 MILK STREET + BOSTON 9, MASSACHUSETTS P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 
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| HARSHAW MANUFACTURES A COMPLETE LINE 
OF SCINTILLATION AND OPTICAL CRYSTALS 


SCINTILLATION Mounted NaI(T1) Crystals 


Crystal detectors designed for the most 
sophisticated counting problems. Our 
physics and engineering group are 
available to assist you in your special 
detector problems. 








More detailed information is 
contained in our 32-page 
book, “Harshaw Scintilla- 
tion Phosphors’’. We invite you 
to write for your free copy! 


OPTICAL Crystals 
For Infrared and Ultra Violet Transmitting Optics 
“HARSHAW QUALITY” INHERENT IN EACH HARSHAW-GROWN 


CRYSTAL GUARANTEES THE MOST EFFICIENT OPTICAL TRANS- 
MISSION POSSIBLE THROUGH: 
















® The accepted stand- 
ard of the industry 

Proven through years 
of service in research, 









®@ Improved resolution 

®@ Ready to use plug-in 
unit ‘ 

@® Permanently light 


(Designed primarily 
for crystals 4” dia. 
and larger) 


@ “Small crystal” per- 
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formance achieved 
through improved op- 
tical design 

Low mass containers 
Available in standard 
aluminum or complete 
low background as- 













medical and industrial seale 


applications © Capsule design facili- 
unparalleled perform- tates decontamination 
ance 


dependability 
consistent good qual- 


® Close dimensional 
tolerances 


® Harshaw guaranteed 














Ready to use 


Every Harshaw crystal is a product of our experi- 
ence in crystal growing technology since 1936 
Other Phosphors Available from The Harshaw Chemical Company 
ROUGH CUT THALLIUM ACTIVATED SODIUM IODIDE 
CRYSTAL BLANKS * EUROPIUM ACTIVATED-LITHIUM 
IODIDE (NORMAL) © EUROPIUM ACTIVATED LITHIUM 
IODIDE (96% Lif ENRICHED) * THALLIUM ACTIVATED 
CESIUM IODIDE © THALLIUM ACTIVATED POTASSIUM 
IODIDE * ANTHRACENE * PLASTIC PHOSPHORS 


10 JUNE 1960 


oh phi fLha parti put Large Crystal 1) Negligible light scattering in crystals, permitting higher 
(Hermetically Sealed plier tube combination MATCHED sensitivity and improved resolution : = 
Crystal Assemblies) assembly) WINDOW LINE 2) Freedom from absorptions caused by trace impurities 


in crystal optics 
3) Minimum strain 
“HARSHAW QUALITY” meets the demand for uni- 
formity of optical properties such’as dispersion and refrac- 
tive index. Prices, specifications, or other information will 
be sent in answer to your inquiry. 
The following infrared and ultra violet transmitting crystals are 
available; others are in the process of development: 
SODIUM CHLORIDE * SODIUM CHLORIDE MONOCHROMATOR PLATES 


¢ a 
ity. © Convenes cabelas POTASSIUM BROMIDE * POTASSIUM BROMIDE PELLET POWDER * (through 
flange 200 on 325 mesh) * POTASSIUM CHLORIDE + OPTICAL SILVER CHLORIDE 


THALLIUM BROMIDE IODIDE + LITHIUM FLUORIDE * LITHIUM FLUORIDE 
MONOCHROMATOR PLATES + CALCIUM 
FLUORIDE + BARIUM FLUORIDE + CESIUM 
BROMIDE + CESIUM IODIDE 
Additional information on the physical 
and optical properties of the above 
crystals is available in our 36-page 
booklet “Synthetic Optical Crystals”. 

Send for your free copy. 
AW THE HARSHAW CHEMICAL CO. 
me Crystal Division Cleveland 6, Ohio 
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ENGINEERS - 
SCIENTISTS — 
a Ne 


a vital 
—problem areas 
~relating to space 
exploration 


—now under investigation 
at REPUBLIC AVIATION 


@ designing space propulsion systems 
with long-term uninterrupted opera- 
tional capability (nuclear and plasma 
sources) 


® creating optimum life support systems 
for the space environment 


®@ combining microminiaturization with 
maximum dependability in space elec- 
tronics systems (through cryogenics 
and other techniques) 


accelerating materials development to 
meet extreme thermal and radiation 
conditions of space flight 


developing navigation and guidance 
systems with true space flight capa- 
bilities 


creating new order of reliability in re- 
entry control techniques 


®@ advancing the state-of-the-art in space- 
ship ejection capsules 


@ meeting the hyperaccuracy require- 
ments of inter-planetary flight trajec- 
tories 


® speeding space science research 
through new mathematical and pro- 
gramming techniques 


eeeeweeveve7eeeeeeeeeeeed 


Highly qualified engineers and scien- 
tists will find that Republic’s Scien- 
tific Research Staff and Applied 
Research & Development Division 
offer outstanding opportunities for 
original work in these crucial areas. 


Inquiries to Mr. George R. Hickman, 
Technical Employment Manager, 
concerning these senior positions 
at Republic’s new Research and 
Development Center will be treated 
in strictest confidence. 


SEPURLsiae AVIAGMon 
Department 35F-2 
Farmingdale, Long Island, New York 








New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. All inquiries concerning items listed 
should be addressed to the manufacturer. In- 
clude the department number in your inquiry. 


™ SHAFT-ANGLE ENCODER gives angular- 
position data in 17-digit cyclic-binary 
code with accuracy said to be +1 digit. 
The encoder consists of a glass disk 
coded by opaque and transparent seg- 
ments. A flash lamp illuminates a radius 
of the disk for photoelectric reading. 
The 10-in. diameter unit includes 17 
transistorized amplifier channels and 
power supplies. Parallel output is stand- 
ard but serial output can be provided. 
(Wayne-George Corp., Dept. Sci576, 
588 Commonwealth Ave., Boston 10.) 


™ RADIOLOGICAL TEST SUBJECTS are plas- 
tic man-equivalent stand-ins that dupli- 
cate body reactions. An emitter model 
and an absorber model are both equiv- 
alent to an average man in size and 
contour. They are made of radiolucent 
shells and filled with a solution having 
the radiation-interaction properties of 
human soft tissues. The absorption 
model is equipped with a skeleton and 
a system of parts and ducts for inser- 
tion of dosimeters within the long bones 
and spinal column and into most soft- 
tissue regions. The emitter or calibra- 
tion model does not contain a skeleton 
but is fitted with any specified combi- 
nation of organs. Each organ may be 
loaded separately with radioactive ma- 
terials, and the body as a whole may be 
given a separate generalized burden. 
(Atomic Accessories Inc., Dept. Sci578, 
244-02 Jamaica Ave., Bellerose 26, 
N.Y.) 


™@ GAS-SAMPLING VALVES for chromatog- 
raphy applications are six-way types 
designed for injection of precise vol- 
umes. Holdup volumes are said to be 
less than 0.1 ml. Five models available 
include one heated type that allows in- 
jection of compounds of boiling points 
to 250°C. (Wilkins Instrument & Re- 
search Inc., Dept. SciS584, P.O. Box 
313, Walnut Creek, Calif.) 


™ WATTMETER combines a Hall-effect 
device with a contact-making D’Arson- 
val movement. The Hall-effect solid- 
state device furnishes a voltage output 
proportional to the power in a load 
circuit. This voltage is fed into a meter- 
relay movement calibrated directly for 
power measurement. Full-scale sensi- 
tivity of 500 mw is available in standard 
instruments with 100-mw sensitivity 
said to be possible. Both d-c models and 
a-c models for frequencies up to 1000 
cy/sec can be supplied. (Assembly 
Products, Inc., Dept. Sci585, Chester- 
land, Ohio.) 


™ TEMPERATURE CONTROL CHAMBER is 
designed to make possible tensile and 
compressional tests at a temperature 
range from —95° to +1000°F. When 
used with the manufacturer’s tensile 
testing instruments, the chamber per- 
mits the use of most normal jaws and 
accommodates 10-in. sample with up to 
80 percent rupture extension. Tempera- 
ture constancy is said to range from +1° 
to +2°F over the entire range. Working 
space dimensions are 12 by 9.5 by 26 
in. (Custom Scientific Instruments Inc., 
Dept. Sci588, Kearny, N.J.) 


= BERYLLIUM OXIDE CERAMIC TUBING is 
available in lengths to 21 in. from stock 
and to 24 in. on special order. Standard 
inside diameters are 5 mm, and %, 3/8, 
and 7/16 in. Tubes are supplied with 
both ends or only one end open. The 
tubing is said to be essentially gas tight, 
and melting point is given as 4650°F, 
(National Beryllia Corp., Dept. Sci582, 
4501 Dell Ave., North Bergen, N.J.) 


™ CODE CONVERTER is a solid-state de- 
vice that will translate up to 14 bits in 
Gray code to ordinary binary code, 
simultaneously providing the binary 
complement as well. The encoder out- 
put is filtered and clipped to eliminate 
brush-bounce noise. Dimensions are 
4% by 6% by 6% in. (Datex Corpora- 
tion, Dept. Sci583, 1307 S. Myrtle Ave., 
Monrovia, Calif.) 


™ VACUUM CALIBRATION TEST BENCH 
consists of a 2-in. high-vacuum pumping 
system with air-drying column, pressure- 
regulating needle valve, liquid-nitrogen 
traps, a vertical manifold with individ- 
ually valved ‘parts, a three-range Mc- 
Leod gage with CO:-driven mercury sys- 
tem, and a precision manometer. The 
manometer covers pressures from at- 
mospheric to 5 mm Hg. The McLeod 
gage reads pressures from 17 mm Hg 
to 0.3 ». Accuracy of the latter is said 
to be +1 percent of reading. (NRC 
Equipment Corp., Dept. Sci587, 160 
Charlemont St., Newton 61, Mass.) 


™ INORGANIC INSULATION PAPERS are 
prepared from synthetic mica. Three 
forms are available. One is a 100-per- 
cent synthetic mica paper; the other 
two contain fibers. Thickness presently 
available is 5 mils. Density may vary 
from 0.6 to 1.7 gm/cm*. Melting point 
is 1900°F if heated in a closed system, 
but the material converts to a higher- 
melting ceramic body when heated in 
an open system. Infrared transmission 
is less than 3 percent from 0 to 15 p 
for a 7-mil sheet. Thermal conductivity 
may be 0.3 to 1.5 Btu in./ft® hr °F. 
(Minnesota Mining and Manufacturing 
Co., Dept. Sci580, St. Paul 6, Minn.) 

JosHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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Inc., 24 INFUSION RATES 
from 0.125 ul/min. 
‘ to 5 mi/min. 
NG Is 5 or 50 mi syringes. 
stock 
idard | 
Ul ~ 
, 3/8, F 
with | 
. The 
tight, For infusion of small liquid volumes at a controlled, 
50 F. f accurately reproducible rate. Selected rates are shown 
1582, Ff in an indicating window, both in ul/min, ml/min; and 
N.J.) § in ul/hr, ml/hr. Infusion rates are selected by turning 
i a knurled knob. : : 
e de- | WRITE FOR NEW DETAILED LITERATURE A : : . ose. ; 
ee: : : a ‘ ccurate t not posu me 
its in ALSO AVAILABLE: Unita II for continuous infusion over determination of ex re ti in 
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-_ BRONWILL SCIENTIFIC PHOTOVOLT CORP 
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, The Number counts as 10 additional words. | Fermentologist. Ph.D., over 60. Vast experience BLOOD GROUP IMMUNOLOGIST 
M4 ; Payment in advance is required. Posi- |} yeast, fungal bacterial fermentations; research M.S. in field of immunology with good knowl- 
m at- tions Open, $40 per inch or fraction | and production of antibiotics, glycerol acids, edge of protein chemistry & immunohematology 
cLeod } thereof. No charge for box number. | enzymes; publications, patents; fluent. German, to work in manufacturing, performing a liaison 
COPY for classified ads must reach | French; library research. Box 126, SCIENCE. function with research. Broad knowledge of 
m Hg SCIENCE 2 weeks before date of issue | 6/10 antigen-antibody reactions with reference to 
id (Friday of every week). blood group sereoes required. 
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4 times in 1 year 38.00 per inch - SSE ET aan 3 tory medicine in school veterinary medicine. 
.S are 7 times in 1 year 36.00 per inch | Biochemist, Ph.D., full-time — investigation _of Strong biochemical background desirable. Re- 
Three 13 times in 1 year 34.00 per inch | fundamental aspects of experimental peritonitis | search opportunities available. Rank and salary 
26 times in 1 year 34.00 per inch | plus independent research. Joint academic ap- | open. Write to Chairman, Department of Applied 
)0-per- 52 times in 1 year 32.00 per inch ae ecenss “Gasuen be gg Pa. orl ——— Veterinary Medical Sciences, School of Veterinary 
other pg rn Bay os Gig Mog State University School of Medicis, New O: | aaa ta ee 
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ssently issue (Friday of every week). —____—— —________— : | 
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) , panish, poor. Wants position in university or in- 
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Plant Genetics, June Ph.D. Wants research 
and/or teaching position. Prefer West Coast. Rahway, New Jersey 
Box 127, SCIENCE. x 
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MI|_POsrt1oNS OPEN |i 


Editors. Expanding biological information serv- 
ice has several editorial openings for individuals 
who combine thorough training in one or more 
of the biological sciences with interest and skill 
in use of the English language. Former editorial 
experience not essential. Knowledge of one or 
more foreign languages desirable. Generous an- 
nual and sick leave and retirement plan. Rank 
and salary related to training and/or experience. 
Box 133, SCIENCE. xX 








Head (with rank of professor) of the Department 
of Electronics in the Weizmann Institute of Sci- 
ence, Rehovoth, Israel, to direct a program of 
fundamental and applied research. Please send 
résumés to the Academic Secretary. x 





Pharmacologist, Ph.D., assistant professor. Lec- 
ture and laboratory instruction in undergraduate 
pharmacology. Ample opportunity to participate 
in graduate instruction and to develop an inde- 
pendent research program. Recent graduate will 
be considered. The pharmacology department oc- 
cupies a new, modern, air-conditioned wing of 
the college. Submit curriculum vitae to Director, 
Department of Pharmacology, Philadelphia College 
of Pharmacy and Science, Philadelphia 4, Pa. 





Applications are invited for the position of AS- 
SISTANT PROFESSOR OF PHARMACOLOGY 
at a starting salary of $6000. Excellent opportuni- 
ties are available for developing an independent 
research program in any field of pharmacology, 
but an interest in anesthesia would be desirable. 
Applicants should submit a curriculum vitae and 
evidence of teaching and research experience 
supported by three letters of reference to Pro- 
fessor J. G. Aldous, Department of Pharmaco- 
logy, Dalhousie University, Halifax, N.S., Canada. 

5/27; 6/3, 10 





Science Teachers, Librarians, Administrators ur- 
gently needed for positions in many states and 
foreign lands. Monthly non-fee placement journal 
since 1952 gives complete job data, salaries. Mem- 


bers’ qualifications and vacancies listed free. 1 
issue, $1. Yearly (11 issues) membership, $5 
individual; $10 institutional CRUSADE, SCI., 


Box 99, Station G, Brooklyn 22, N.Y. eow 





(a) Serologist-Virologist; B.S., M.S. to supervise 
technical activities including tissue culture, isola- 
tion, identification of viral agents; $5400; promi- 
nent southeastern university medical school hos- 
pital. (b) Biochemist; experienced Ph.D. to super- 
vise active section, teaching duties, some research 
if desired; newly created position, 400-bed volun- 
tary general hospital; midwestern city 125,000. 
(c) Virologist-Tissue Culturist, Ph.D. trained in 
virus isolation, cell culture cultivation; new build- 
ing, newly organized research group; East. (d) 
Bacteriologist, M.S., Ph.D., to head busy depart- 
ment, 300-bed general hospital; Illinois college 
city. (e) Biochemist, Ph.D. to supervise hospital, 
laboratory sections under direction private pathol- 
ogy group; to $12,000; southern California. 
(Please write for analysis form. Our 64th year: 
founders of the counselling service to the medical 
profession; serving medicine with distinction over 
half a_ century). Science Division, Woodward 
Medical Bureau, Ann Woodward, Director, 185 
North Wabash, Chicago. x 








VIROLOGY 
TECHNICIAN 


Expanding Philadelphia drug company has open- 
ing for a person with 2 years’ college (science 
course background). Cannot consider college 
grads. Applicants should have academic concen- 
tration in CHEMISTRY with some biology. 
Work in connection with interesting research and 
development projects. Liberai benefits program 
includes hospitalization, educational assistance, 
and 35-hr. week, Salary commensurate with ex- 
. State age in resume. Write Box 131, 


u. 











Important Notice 
Effective 1 September 1960 


Rates net—No agency commission 


No cash discount 


Minimum ad: 1 inch. Ads over 1 inch will 
be billed to the nearest quarter inch. 


Frequency rate will apply only to repeat 
of same ad. No copy changes. 











iPOstTtONs OPEN 


Medical Technologist, blood banking background 
desirable. Interest in reséarch required. Excellent 
opportunity to participate in blood group re- 
search. Salary open. Mail replies to R. F. Ambe- 
lang, Milwaukee Blood Center, Inc., Milwaukee, 
Wis. ew 


The Market Place 


BOOKS ° SERVICES * SUPPLIES * EQUIPMENT 











DISPLAY: Insertions must be at least 1 
inch in depth. Weekly invoices will be 
sent on a charge account basis—pro- 


vided that satisfactory credit is es- 

tablished. 

Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 
7 times in 1 year 36.00 per inch 
13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 
52 times in 1 year 32.00 per inch 
For PROOFS on display ads, copy must 


reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 














iil BOOKS AND MAGAZINES Jill 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S,. Inc. 
Boston 20, Massachusetts 











Proceedings of two conferences by 
NAS-NRC Committee on Photobiology 


PHOTOPERIODISM 
AND RELATED PHENOMENA 
IN PLANTS AND ANIMALS 


922 pp., 256 illus., 1959 $14.75 
$12.50 cash orders from AAAS members 


THE LUMINESCENCE 
OF BIOLOGICAL SYSTEMS 


466 pp., 161 illus., 1955 $7.00 
$6.00 cash orders from AAAS members 


AAAS 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 

















lil PROFESSIONAL SERVICES | |fill 














LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 
Chemical and Biological Assays, 
Clinical Studies, Research 


LaWatt & HARRISSON 


Div. $, 1921 Walnut St., Philadelphia 3. Pa. LO 3.4322 


SINCE 870 





LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 

and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P. O. Box 2217 © Madison 1, Wis, 
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CAESAREAN-DERIVED 
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CHARLES RIVER CD- 
HYPOPHYSECTOMIES 
THE ‘CHARLES RIVER MOUSE FARMS 
f ” ena Charles River Breeding Labs 


iv. O; 
ox Brookline 46, Mass 















YOU NEED THIS FREE 


CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissve 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St. MAin 3-5373 * Denver 16, Colo. 











¢ HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 








1919 - 1960 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 


Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 


Send for Illustrated 


Controls Handbook Dept. H 



















“From the hand of the veterinarian 
XY ; 
to research”® 


albino rats 
CHARLES RIVER CD 


(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 

(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists. 
@10 years experience animal surgery. 
@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS 


Dept. B, 1093 Beacon Street, Brookline 46, Mass. 
Henry L. Foster, D.V.M., President 





Isotopes Specialties Company has _ the 
Labeled Compounds that you require. 


Available from Stock: 
Sodium Acetate 1 and 2—C™* 
Sodium Formate—C"* 
Sebacic Acid—COOH—C* 
Benzoic Acid—7—C"™* 
Palmitic Acid—i—C" 
Allyl Alcohol—1—C* 
Amino Isobutyric Acid—i1—C™ 


And hundreds of other Compounds. Send for 
our new labeled compounds catalog, showing 
many major price reductions, by writing 
Dept S. 


ISOTOPES SPECIALTIES COMPANY 


division of Nuclear Corporation of America Inc. 





Box 688 Burbank, 
SCIENCE, VOL. 131 
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delivers 


41,320xG 


in the standard 
price range 


... plus the quality 
you know in the features you need! 


% Temperatures from —20°C to +10°C 

%* Constant temperature within +1°C 

% Capacities from 24 mi. to 1500 mi. 

%* Trouble-Free Automatic Acceleration 

%* Electric Brake, Timer, Tachometer 

% Four High-G Heads — more than 70 accessories 


%* Continuous Flow System soon! 


More value per dollar! You get everything you expect of a high-speed refriger- 
ated centrifuge when you invest in the perfected HR-1... and then 
some! You get optimum dependability inherent in 59 years’ pioneering 
experience and continuous research. You get on-the-spot services of 
men selected and trained to help you get the most out of centrifuga- 
tion. Why be satisfied with anything less? Before you choose your next 
high-speed refrigerated centrifuge, get all the facts about the advanced 
HR-1 from your nearby authorized International Dealer or write: 


INTERNATIONAL (ED) EQUIPMENT CO. 


1219 SOLDIERS FIELD ROAD, BOSTON 35S, MASS. 


Announcing a major breakthrough in automatic 


counting of solid radioactive samples. 


Now samples containing minute, previously un- 
measurable amounts of carbon-14, phosphorus- 
32, strontium-90, etc., can be counted automati- 
cally with high accuracy. A revolutionary new 
‘‘guarded"’ Gas Flow Detector in the new Nu- 
clear-Chicago Automatic Sample Changer has 
a net background of only 2 counts per minute. 


The new system makes possible, for the first 
time, automatic analysis of beta samples having 
counting rates as low as 2-3 counts per minute. 
Measurement time is greatly reduced in routine 
sample counting, while the amount of radio- 
active reagent required in tracer experiments 
can be cut substantially. 


For full information on the new Low Background 
Automatic Sample Changer, write for Bulletin C-115. 
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